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AHSB(S) HANDBGXK 5

PREFACE

The literature of critical size measurements is extensive and can be con-
fusing, the same measurement may be reported in a number of places and there
mzy sometimes be variation in detail in the different accounts. Access to
papers and reports can also be difficult and will depend on the library
facilities available. To establish what measurements have been made in a
particular area of interest, and to find detailed and authoritative accounts
of the measurements can, therefore, be a time-consuming exercise. Nevertheless
this material is the basic data of criticality and the criticallty specialist
sust have recourse to it from time to time. For instance, he may need to check
a calculational method and any assoclated nuclear data against reference experi-
ments or a particular criticality clearance may depend on a detailed comparison
of parameters.

It was felt, therefore, that a need existed for a compilation of data in
relatively detalled form reference to which could take the place, at least in
the first instance, of reference to the original literature. It is hoped that
the present handbook which is to be published in three parts, goes at least some
way to meeting this need.

In compiling the handbook reference has been made, wherever possible, to the
primary account of the critical measurements reported and assemblies are des-
cribed in as close approximation as possible to the actual assemblies on which
measurements were made, (thus, subsequent shape changes, homogenisaticn etc.,
have been igncred). This is not to say however, that later accounts of an
experimaent have not sometimes provided useful additional information. Many
excellent review articles and handbooks already exist in the criticality field,
providing generalised guldance and data correlations for more or less simpli-
fied systems. 1t i{s in no way the aim of this handbook to replace these: rather
it is to supplement them for the criticality specialist by collecting and
assimilating into tabular form, convenient for quick reference, the detailed
Tresults on which they are founded and on which similar correlations can be
based in the future. ‘

It is intended that the handbook snould include only data fer systems which
are relatively ‘clean' and where it 1s clear that the measurements were suf-
ficlently painstaking and the system was carrled close enough to critical for
the result to be accurate. With this proviso it is believed that the handbook
is reasonably comprehensive so far as material generally available up to about
the beginning of the 1964 Geneva Conierence is concerned.

Perhaps the most difficult problem in complling the handbook has bheen the
allocation of the data into tables, determining the lenath and complexity of
the tables., Generally the allocations have been made as a compromise between
a desire to asscciate results for comparable and related systems and the need
to avoid tables which are so complex as to be difficult to read.
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INTRODUCTICN TO THE TABLES

The Skeleton contents page given at the front of the handbook is supplemented
2t the beginning of each chapter by a separate contents page showing the
organisaticn of the chapter and listing the tables the chapter contalns.

Tobles are §dentified by a title and additionally by a two part number of which
the first part donotes the chapter in which the table appears and the second
part the position of the table in the chapter. Also, as a2 further aid to

rapld reference, each page of the tables carries a 'page-title' in the top left
hand corner briefly summarising the type of system to which that chapter or
psrt-chapter refers, (i.e. the degree of heterogeneity - single units, inter-
acting arrays or lutticed systems; the nature of the fissile nuclidej the
nature of any moderating nuclide; and, in the case of U?3? systems, whether
the uranium is of high (> 90%) or lower enrichment). ,

Separate compilations of bibliographic references are given for each
chapter and fcllow imnediztcly after the chapter contents pages.

To facilitate ecsy understanding of the tables a standard form of table
layout has been adepted, so far as possible, and an attempt has been made to
ensure that each Table is self-contained. As exceptions to these rules
information common to all (or nearly all) of the entries in a table is usually
brought to the head of the table in note form, thus reduclng the complexity of
the Table layout, and material composlitions and densities are omitted where
the materials concerned are commonly-occurring and feature in a large number
of Tables. The following compositions in densities may be used for these
cemsonly-occurring materialss

Type 34 Stolnless Steel -

{American Tron and Steel Institute Designation); 18-0-20-0 wt¥ Cr,
8:0-12-0 wt® Ni, 2-0 wt¥ {max) Mn, 1-0 wt® (max) Sij density
7-9 gn/cc

Type 347 Stoinless Steel -
(American Iron and Steel Institute Designation); 17-0-19:0 wtk Cr,
9:0-13-0 wt® Ni, 20 wt¥ (max) Mn, 1:0 wt¥ max Sij density
7+93 gm/cc

Type 25 Aleminium - '
(US Aluminium Assoc. Designation, now renamed Type 1100);
99:GC % sluminium (min.)

Type 35S Aluminium -
{US Aluminium Assoc. Designation, now renamed Type 3003)3
1.2 wt® Mn )

Zircaloy -
(Westinghouse Designation); zirconium with 1-20-1-70 % Sng
density 6+57 gm/cc

Lucite, Piexiglas or Perspex -

Polymethy!l methacrylate plastics, atomic composition CsHsO,,
density 1-18 gm/cc
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Polyethylene -
Atomic compositicn CH,, density 092 gn/cc

Paraffin Wax -

Atomic composition Criz, density approx. 0-9 gn/cc

Boric acid -

Atcmic composition H3BO;

Only numerical values actually provided by the authors of a measurcicent
have been entered in the standard form of Table and, ir consequence, there are
omissions in certain Tables. These can usually be filled, by interpolation in
surrounding data. For instance, aqueous sclutions of uranium are sometimes
characterised only by the H/U atomic ratio. The specific gravity, uranium
content, etc., can, however, be derived by comparison with similar soluticns
used in other experiments. ‘

Information which kas been generally excluded from the Tables includes:

(a) temperzture of the ascembly, provided this is near ambient
(b) detaiied isotopic analysis of fissile mzteriais

(c) detailed analysis of materials of comstructiocn, etic., for trace
impurities except where signiiicant quantities cf necutron pclsons
are found.

Notes appended to the Tables have been phrased so far as possible 'in the
words of the authors of the measurements referred tc. Cenerally the notes con-
tain information which may be thought;

(a) to extend the usefulness of the measurements (e.g., a number of
subcritical observations are included under this heading}, or

(b) to bear on the validity of the results (e.g., where available, the
values of corrections for unavoidable experimentai perturbations
from ideal conditions. such as incidental neutron reflection from
room walls are given).

Where corrections for experimental conditions are not given it may be
assumed that suitable corrections have already been applied to the quoted

resuit. If this is not the case, or is beileved not to be the case, appropriaste
comment is made. '

The fecllowing terminology and abktreviations are uscd:

Water unless qualified this refers to ordincry light water

Mixture - unless gualified this means a mixture wnich is effectively

homogeneous
0.D. - guter diameter
1.D. - inner diameter.



Where the information required to fill a space in a table is not available
this is indicated by placing a dash - in the space.

(Note: as will be clear from an examination of the Tables an empty space in
a Table implies repetition of the data for the preceeding entry in
the Table. This is a device sometimes used to improve the legibility

of the sentence). :
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EXPERIMENTAL RESULTS FOR SINGLE UNKMODERATED U232 CORES

Scheres of Uranium Metal

Table 7,1

a.

Isotople conposition for one hemisphare only

193

CORE REFLECTOR
DELAYED
s A CRITICAL | perERENCES
comipesitlon Average Density Thickness | AVETI® | ;233 yiuss -
f Urand Material Denst
of Urzntum (wt) (gn/cc) ateria (in.) (9:;‘:3 (kgm)
u yass | y2oe
382 142 06 - 18445 e Unro f le c tod 16-09 1
982 1.1 07 18:62 Natural 0:906 18:92 9-84 2
Uranium )
982 1 ~1a 0'7a 1862 2090 18-92 747 2
98-7° | 0-5° | 0-8 18-42 7-8% 13-0 563 3
G3-2 1-1 07 1862 Berylllum 0-805 1-83 9-84 2
(98wt %)
1652 1-8) 7-47 2
) Tungsten
9§82 11 07 18-€2 Alloy 0960 - 9-84 2
(91 -3wt%)
2-280 - T47 2
.




EXPERIMENTAL RESULTS FOR SINGLE U223 CORES MCDERATED BY LiYDAOGEN

Table 7.2

Unreflected Snheres of Aguanus UOpF2 Soluticn
3 3

Spheres : Type 35 aluminium; solution feed and drain lines conmnected at
top and bottom

The solution concentrations and critical masses measured in these experlazents
are said to be about 2% high because of a systematic error

ISOTORIC CUMFOS ITION OF . . oo
SPHERE URAN UM (wtX) SPLCIFIC . 1yy | BULATLD CRITICAL PARAETERS
WALL CRAVITY SOLUT 1oty H/u
. CONCENTRATi(x | ANOMIC 53 | ACFERIXCES
TH IOXRESS OF ( ud2?/1iere) RAT IO Dixxgter Volums v
{cm) w2 ]yt v [t sotuTion |V ahe dase
{ca) (11tre)
{xgm)
- 96-7 [ 0-50 § 0-01 {079, 1-079 67 361 -9 16-58% | 1-:4® 4
{12-6 in,)
o127 98-7 - - - - 67-37 3810 32-0 17-620 1-18 s, &

a. &0 cc void above the critical solution
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EXFCRIWENTAL RESULTS FOR SINGLE UP3? 008":S MOOERATED BY HYDROGEN

References:

Fissile Solutions 1 Contained small smounts of thorius and excess nitric acid

7, 8 16

Boron added as boric acid

Sohere 1 Aluminium
ISOTOFIC COM20SITION OF . '3 : '
URANI S (1% SPECIFIC SOLUTION CONCEKTRATION (gey'ga OF SOLUTION) wuts> Wi yutn DELAYED CRITICAL PARAMETERS
G“‘;;" TOMIC | ATOMIC | ATOWIC
) Total RATIO RATIO RATIO
yn uide Y pide SOLUTION Uranium Thorium Nitrste IOX Boron mm:’;' Volume Mass
NO§
Un-colsoned Solutions
F"‘" T
30 1eb2 D404 A 1.0226 0:01676 0+00007% 0:0119 NIL 1533 - NIL /24 - -
9767 1454 3.03 0-7% 1.0153 0.01355 04000056 0:0076 RIL 1986 . NIL 4804 - -
Borgn Polsoned Solutions
G775 | vee2z | 006 | 0464 1.0286 001927 0000085 0-0136 0-0000887 1324 . - 7% - -
1.0275 ©+01867 0-000083 0.0132 0-0000670 1368 . . - -
10274 0:01803 2.000080 00128 0+0000453 1417 - . - -
1.0253 0+01742 04000077 0-0123 0+0000233 1470 - - - -




E(FEEIMENTAL BESULTS FOR SINGLE UY3Y CDRES MOOERATED BY KYDROGRR

st tep and bottonm.

Iakie 7.4
R TSR e

Spheres: Type 35 sluninius) solution feod and drain linss cennectod

DELAYED CAITICAL CORE PARAMETERS

QRE
S
REFLECTICR
Isoatopic Cozgmsition of dbuis
i Ursnius (%) Spactfic Salution KU THICOESS y» REFERENCES
s S LI Gravity Concentration Atoale (cm) Diameter Voluom Ress hnpl{nuro
yis? ytse ys pre smzilon (gu U3/ Litre) Ratio (ca) (1tres) Vkgm) ()
04127 e 95.7 - . . - 61-%° 418+3 > 15 2%64° 9666 0:591 32.0 s, 6, 10
~ 61.8,° £14-6 s 9675 0+59% S 5, 6, 10
2 64.05° 400+5 ’ 9.70¢ | 0110 658 s, 6, 10
650858 1896 ¢ 9:72) 0+6230 £3.2 5, 6 10
67.80° 7781 s .77 | 0-630 965 5 6, 10
- 98+7 0-50 0.0t 0™ 1.071 61 A19 Eff Inf 26+6 ‘)*62b 0-”b - 4
(10-4 in)
14043 0.0%° 663° N 1702 0.66¢ - 4
(1246 in)
Cr127 e §5.7 . - - - 38.75% ¢ 663.1¢ > 15 32.0° 17020 0+6590° 263 5 & 10
3970 ¢ &3-1¢ . 17.042 | 0.67%° 5640 5, 6, 10
L2.65%¢ 602-8° s 17.07% | 0.72030° 9.5 5, & 10

l

2. Marsured at 25°%C

b. 40 cc welc above critlcel scluticn :
c. Concentration and m23s3s pe2sured with these spheres ere asid to be about 22 high baceuss of o systematic errecr




EXPERIMENTAL RESULTS FOR SINGLE U222 CORES MODERATED BY HYDROGEN

Table 7

Sphares

Reference

~ Fissile Solution

Sphares

Reflector

: 4

and bottom by flexible tubing

: Effectively infinite thickness

Contained a small amount of excess nitric acid

of Aqueous UO>{(NO3)2 Solution with Water Reflector

Type 35 aluminium; connected to solution storage at top

CORE

DELAYED CRITICAL CORE

PARAMZTERS
Isotopic Coapoiltlon of Specific s 233 233 233
olution H/U N/u* u
Uraniun (wtX) Gn::ty Concentration Atomic | Atomic m?::;" :g::) Mass
uddd | ups | 23 |y | solution {gm u*?/11tre) { Ratlo Rstio (kom)
98-7 1 0°50 | 0-01 }|0-79 1-087 62 405 2-66 2646 986 0+60
(104 in.) :
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EXPERIMENTAL RESULTS FOR SINGLE U%22 CORES MODERATED BY HYDROGEN

Reference : 4

Table 7,§

Unreflected Cylinders of Aqueous UO,F2 Solution

Cylinder : Type 35

top

angd

aluminium;
bottom;

approximately equilateral in shape

solution feed and drain lines connected at

ISOTOPIC COMPOSITION OF

DELAYED CRITICAL PARALITERS

URANIUM (wt%) z:isg;c " SOLUTION H/udd
oF CONCENTHATION | ATOMIC Solution | Helgnt Y]
e Lys g | yose | sotumion (gm U¥22/1ttre) | RATIO Di ameter Helght Voluw Mass
(cm) (cm) (amoter (11tre) (xga)
987 {050 {0-00 J0-79| 1-198 165 154 25-5 240 - 12:22 | 2-02
{100 in.)
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EXPERIMENTAL RESULTS FOR SINGLE U232 CORES MODERATED BY HYDROGEN

Reference

Cylinder

Unreflected Cylinders of Aqueous UD,{NCa), Solution

Table 7.7

: 7, 8, 9

: Stainless steel

- Fissile Solutions : Contained small amounts of thorium aﬁd excess nitric acid -

The critical height values given in the Table include a correction of 0-53 in, for the bottom structure,

1SQTOPIC COMPOSITION OF SOLUTION CONCENTRATION DELAYED CRITICAL PARAMETERS
URANIUM (wt%) SPECIFIC (am/gm of solution) apas | ypns JELAYE
GRAVITY ATOMIC | ATOMIC

udd | y234 | y2as | gass | SOLUTION puniim | Thordus szz:te PATIO | RATIO D%:meter S::¥;;:n Helght | o) me | U7

) ION, NO, n.) (ir..) Diameter Mass
9T.37 | 1.50) 004 | 109 | 10203 001421 0000014 0-0083 1819 - 60492 20.02 - - -
97.35 | 152 0«05} 1.08 | 1-0198 0+01362 | 0.000012 0-0086 1900 - 2385 - - -
97.30 | 1443] G005 116 | 10169 0+01300 | 0-000014 00031 1996 - 3112 - - -
97.25 | 155 0«05| 1.16 | 1.0166 0.01233 | 0-000093 0.0081 2106 - 55.18 - - -




Reference

Iable 7.8

Cylinrders of Agueoys UD.F, Salutfon with Hvdrogercus Reflactocs

s &

Isotoplc couposition of urentua (wtf) s G3-7 U, 0-50 Y3+, 0.01 VI, 0-79 U238

Cylindars s Type 35 aluminlomp solution fewd ond drain lines connected
: st top and bottomy cylinders less than 6+7 in, in dia, wore
36 in, Nigh whereas the larger dla, cylinders were approxi-
mately equiletecal, .
Reflsctors- s Effectively infinite thickness,
CORE DELAYED CRITICAL CCRE PARAMETERS
Specific 2 .
Solution HA Solutjon . y y2»
G";ity Concentration Atoatc D’;::;" Height g::z:tfr :fi:::) Mose
Solution (oms U233/13tze) | Ratso (cm) (xga)
Woater Reflected Cylinders
1.059 49 522 255 25 <1041 - 13.18+C+05{ 0-65+0-05
: {10+0 in,)
Paraffin Reflected Cylinders
1.801 684 w2 | 2 > 99001 . > 2.5 | 2.0
. He
1.707 600 3944 >392 - > 34300 | 2.07%P
1-604 519 459 >42-6"0 | - > 4-19%2 1 2.5g%°
1530 451 53-7 > 490 | - > 48250 2.18%°
1388 . 332 41 > e | - > 676%° | 2.2
1.80t 68L 342 12.7 38+2° -c 4.800-25° | 3.20-2°
( 50 in,)
1.707 600 39-4 L1+2° - 5-120-25° | 3-120-2°
1604 519 45-9 an -€ 5-2001° | 2.7+0-1°
1-388 T332 741 56-5° =€ 7€ 2.36°
1.588 332 T4 151 24.0°+9 .6 4-31%¢ 143540
( 60 in,)
- - 154 191 18-4 - 5425 0-87
{ 75 1n.)
- - 250 05 20:2+0-05 - 6-65+0-02 | 0-68$0-02
(480 in.)
1.0% 78 329 21-5 22.2¢0-1 - §-04x-04 ( ©-63:0:05
{ 85 &n)
1:0%5 €5 35 22.9 | 23-12041 - 9-47+0-04 | 061205
{ 9°0 in.} -
1035 33 s 305 30-5 - 22-28 074
{12-0 in,)
e, Cylinder costed internally with 2 thin liyer of ¥ & T chemicals inccrperated unichrowe to
reduce corrosion, This i3 a plastic material containing 3 wit{ chliorine .

Believed not to be critical st any haight

¢, No reflector on top curface of core

205
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EXPERIKERTAL RESULTS FUR SINGLE U¥?? CORES MOOERATED BY HYDROGEN

Type 35 slualniumg
bottomy

Isdie 7,2

Reference: &
Isotopic composition of ursalum (wif)y 98-7 U*??, 0.50 u?’4, o.01 U???, 0.79 u¥2e
Cylinders:

larger dla. cylinders wers spproximately egulilaterai.

Reflectorsr Effectively infinite thickness.

solution feed and draln lines coinected at top and
cylinders less than 67 in. in dla. were 36 in. high wheress

CORE DELAYED CRITICAL CORE PARAMETERS
Specific . 2 2 i :
Gty | oetthion | Momte | Momie | Ofgmser | it | omesy | et | UL
Solution (gm U*23/11¢re) Ratlo Ratio {cm) {kgm)
wat e )
1-069 &9 514 2-66 WSl P - 130 0-64
Paraffln Reflected Cylinders
1-543 381 57.5 2.66 127 > 5 - > 6:40" 57.5°
. (5+0 1n.)
1-480 336 67-0 2.66 > 59° - > 7-40° 67-0°
1-39 275 844 266 > 61 - > 7.65° 8-4°
1-238 167 145 2.66 > 55 - > 6-90° 145°
1.543 381 57.5 2-66 1541 27.9° - 5.00” 1.91°
(6-0 in.)
1480 336 67.0 2-66 29-0° . 5.20° 1.75°
1-394 205 84 | 2:66 30-7° b 5.50° 1.51°
1-287 198 120 2466 38.5° b 69 ® 1.37°
1-232 160 151 2.66 26-8° b 8.4 ® 1.3°
10185 2 193 2:66 73220 b 13.020:4> {1.6340-08°
14543 381 57.5 2466 19-1 163 - 465 177
(7+5 tn.)
T.4E0 336 67-0 2:66 16-2 - 4-60 1.55
1.238 167 %5 2-66 18+6 - 5-30 0-89
1.7 490 42-2 2.66 20-5 1641 - 5.30 2.6
(8-0 in.)
1:54) 381 57.5 2-66 1544 - 475 1-81
1.39% 215 844 2.6 1427 - £.85 1-33
1.287 198 120 2-66 16-4 - 5.40 1.7
1.238 167 0 2.66 16-7 - 5.5 092
1.232 160 151 2-66 167 - 5:51 0-88
1-185 127 193 2-66 18-8 - 6420 )
1-165 n? 21) 2.66 19-3 - 6037 0-75
1145 101 247 2:66 21.2 - 7.0 0-70
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CORE DELAYED CRITICAL CORE PARAKEIERS
Specific 23 23) M3
~ Solutlen Hu KU Solution . U
0"::‘1 Conceantration Atostc Atozic it zz;“’ Helght 0:!::2320{ ‘:::‘:::) dase
Sototion | (98 U/ 11tre) Ratio Ratlio () (xzn)
Pexafilo Reflected Crviindera
1-145 101 %7 2-66 2.5 19-4 - 7-00 070
. (8-5 in.) '
1-121 84 297 2-66 2.5 - 7-78 0-53
1101 10 356 2:66 229 <1-3 - 8-75 0-62
{9-0 in.)

1-093 67 m 2-66 22-9 - S3 0-62
1090 63 94 2-66 25.5 19-3 - 9.862 0-63
(10 tn.)
1.-om 55 461 2-66 22.5 - 1143 0-63
1069 49 514 266 25-2 - 12-¢ 0-63
1-061 582 266 305 251 - 1540 G-63
(12-0 ia.)

1-056 630 2-66 23-8 - 17:40 070
1046 b3 ] ™7 266 30-4 - 2220 073 -

8. Believed not to be critical st anv helght

b. No zeflector on the top suzface of the core
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CHAPTER 8 - SINGLE CORES OF MIXED FISSILE ISOTOPES

209
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EXPERIMENTAL RESULTS FOR SINGLE MIXED U?3?/Pu CORES

Table 8.1

Unreflected Metal Spheres

These experiments were performed with a sphere of plutonium enclosed in
a close-fitting, spherical shell of highly enriched uranium (average density
18-8 gm/cc). The systems shown in the Table were delayed critical

PLUTONIUM SPHERE ‘URANIUM SHELL
pu2tY Average | Mass Enrichment | Thickness | y23> | Aeferences
Content | Density Mass
(wt %) (gm/cc) | (kgm) - (wt %) (in.) (kgm)
47 19:22 {2:527 | 93-17 1651 [26-8 | 1
1-5 15-62 2-02,° 9317 1-938 | 36-35 1
47 15-60 | 2-02,° 93:17 | 1.948 | 36-7 1
1 15-56 | 5-72% 93-18 1006 | 18-8 1
49 15-62 | 8-386>°]  93.17 0652 | 12-64 2 -

a. Plutonium contains ~ 1.0 wt % gallium

b. Sphere made up of two hemispheres .
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EXPERIMENTAL RESULTS FOR SINGLE MIXED U?2%/Pu CORES

Table 8.2

Metal Spheres with Natural Uranium Reflector

References 3

These experiments were performed with a solid, nickel-plated sphere of -
plutonium enclosed in a shell of highly enriched (93-2 wt $) urantum and then

in a natural uranium reflector of fixed outer diameter. The uranium components’
used were:

(a) Two pairs of identical hemispheres containing most of the highly
enriched uranium (8642 gm and 728 gm respectively) and fitting
closely round the plutonium sphere

(b) An outer reflector shell containing most of the natural uranium
and divided into one hemisphere and two quarter-spheres

(c) A thin shell fitting between (3) and (b). This was subdivided into
a number of elements, each of which was available in both highly
enriched and natural uranium. Total mass of highly enriched
elements 1,092 gm

Further details of these various components and of the plutonium spheres
used are given in the Table and in Figure 8.1. Criticality was achieved by
replacing natural uranium elements in shell (c) by highly enriched uranium-

PLUTONIUM SPHERE
TOTAL MASS
Of HIGHLY
1 S By wopontion Kass ENRICHED URANIUM REACTIVITY
(X By Atoms)
IN THE SYSTEM
Pudd® [py40 | p 241 |p, 242 | Piutonium i Nickel (kgm)
(kg=) (gm)

97:56 | 2:24| 0-10 - 1+61545 § 1089 9-530 8k = 3 cents. Interpolation
using the results of the
measurements with the next -
sphere glves a mass of 9521 gm
highly enriched uranium
corresponding to dtlaycd
critical

26°97 ) 4721 0 - 1-61030 | 11-76 9-755 Delayed critical

9915 Ak my 53°8 cents

8047 {161 2:92 | 0-51 1:61119 | 1410 10-618 Delayed critical. Obtained
by extrapolation of reciprocal
eultiplication curve o
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Table 8.3

Metal Cylinders

Reference 3 1

These experiments were performed with a cylinder of plutonium (~ 6 wt £ Pu?4°,
'~ 1.0 wt § gallium) enclosed in a close-fitting cylindrical shell of highly
enriched uranium (932 wt § enrichment) and then approximately centrally in a
cylindrical reflector of natural uranium external dimensions 18¢0 in, dia x 10 in.,
(average density 190 gm/cc). The plutonium components were clad in 0005 in,
thick nickel and contained a 0+06 cu in, central source cavity for which no
corrections were made., The dimensions of the shell of highly enriched uranium
were such that the height/diameter ratio for the internal and external surfaces
was identical. The systems shown in the Table were delayed critical,

PLUTONIUM CYLINDER U3 SHELL
Average |Diameter | Height |[Height Mass [Average | U233
Density Density | Mass
(gm/cc) (in.) (in.) |Diameter | (kgm) |{gm/cc) | (kgm)
1483 2235 223 100 2+13 18-58 97

14+98 4315 0-875 0+20 3-14 | 18+66 13-0
15+29 4+ 315 1290 0-30 4*73 1 1830 {53 &£ 0-2
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EXPERIMENTAL RESULTS FOR SINGLE MIXED U235 /y?33 CURES

Table 8.4

Unreflected Metal Spneres

These experiments were performed with a sphere of U%33 enclosed in &
spherical shell of highly enriched U?3>® (average density 18-8 gm/cc). The
systems shown in the Table were delayed critical.

U%33 SPHERE

U225 SHELL

Isotopé:tC;?positlon Average U233 | Enricn- | Thick-{ y?25 REFERENCES
Density] Mass} ment ness | Mass
23 | yose 238 (gn/cc) | (kem) | (wt £) { (in.) i(kom)
U u
98-9 0-9 0-2 1835 | 2+371} 93-17 1896 |34-8 1
982 141 0-7 18+62 | 747 | 93+15 0-780 (1377 2
982 Te1 07 1862 9-84 | 93+30 0-478 | 8-58 2
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EXPERIMENTAL RESULTS FOR U222 METAL ARRAYS - HIGHLY ENRICHED

Table 9.1
Two 20°960 Kgm Cylindrical Units Embedded in

Hydrogenous Material

Reference ‘ 3 2

Uraniun F

Cylinder dimensions 3

Array Reflector :

"Enrichment 932 wt. %
Density

18476 gm/cc

11+506 cm., dia. x 10+765 cm

Polyethylene, at least 15+2 cm
thick and close-fitting

The cylinders used in-these experiments were suppcrted, with axes vertical
and plane surfaces facing, on stainless steel rods passing through two 0+£08 cm
holes in each cylinder parallel to the axis and located 8-547 cm apart on a

diameter.
length out from Inconel(3) tubing closely

The vertical separations were established by spacers of appropriate

fitting the support rods

CYLINDER CONTAINERS

DELAYED CRITICAL SPACING

Each cylinder centred in Plexiglas box,
wall thickness 0+64 cm external dimen-
sions 129 cm x 12+9 cm (base) x 121 cm
(height), and corner voids filled with
paraffin

129 cm between cylinder surfaces
with an air cavity between the
Plexiglas containers.

109 cm between cylinder surfaces
when the cavity between the Plexiglas
containers is filled with further
Plexiglas.

As earlier experiments but Plexiglas
containers completely enclosed in
0+06 cm thick cadmium,

As earlier experiments but cadmium
replaced by 1+3 cm thick FoamglasP

As earlier experiments but Foamglasb

thickness 2¢5 cm

Array neutron multiplication less
than 2 with containers in contact

Array neutron multiplicationbless
than 2 with containers in contact

Array neutron multiplication less
than 2 with containers in contact

Each cylinder centred in ASA
Schedule 40 iron pipe, 0:66 cm wall
thizkness, 14¢1 cm O.D. x 132 cm
height, provided with 0+66 cm thick
end plates

Array 86 cents supercritical with
2:2 cm between cylinder surfaces,
i.e., iron containers in contact

Array 12 cents supercritical with
0+64 cm thick Plexiglas separating
the iron containers

o
)

stituents; density 8-51 gm/cc

Foamglas is an insulating material of
content 2%, density 3+141 gm/cc

224

Composition 14-17 wt.% Cr, 6-11 wt. % Fe, Balance Ni{(+Co) + minor con-

pcrous borosilicate glass, boron



o

EXPERIMENTAL RESULTS FOR U3 METAL ARRAYS « HIGHLY ENRICHED
Isble 3.2

Three Dimensiongl Rectilinear Lattices of Cylindrical Units - Alz Sppced

Uranium 1 Enrichment 93:2 wt,§
Denaity  18:76 gm/cc

Array Reflector : Paraffin, .locaud st the outer boundary of the periphersl lattice cells

The cylinders used in these experimants were supported, with their axes vertical, on stainless steel rods passing through two
0+508 cm dia holes in each cylinder parallel-to the axis and located B-547 ca, apart on a diasster, The vertical separation
of the cylinders was establistad by spacers of sppropriate length cut froa Inconel & tublng closely fitting ths support rods,
Ire rods were mounted in sections of sluminium Unistrut attached to the two parts of a split table,

- CYLINDERS ARRAY REFLECTOR DELAYED CRITICAL PARAMETERS
: Hafght . b Surface to Surface . REFERENCES
Dianeter | Height Mass Thickness] Density | No, of :
(en) (ca) toRe:::Mn (kq) (ce) (F/CJ Cyiindars Spacing o:ngylxndou
~ 105 ko Cylinders
11506 5.387 0-47 10480 “Unreflected 8,(2x2x2) 0 ¢ 2
13 083 0:23 2
3.8 093 1-98 2
7:6 0+93 3442 2
152 0493 3.7 2
Unreflected 16, (2x2x4) 135 2
11509 54332 ’ 10484 Unreflected -} 27,(3x3x3) . 2007 2
. Unreflacted 11509 (centre to cantre spacing) 2
1.3 082 ' 2:992 2
3-8 0-93 5.872 2
746 0-93 _ 8.258 2
15°2 093 8699 2
114494 54382 10-45¢8 Unreflected 45,(3x3x5) 30442 2
i

11481 50382 100434 Unreflected 6k, (4xbx4) 3.952 2
152 | 0-93 , 12360 2
9-116 8641 0+95 10+507 Unreflected 8, ( 2x2x2) oe¢ 2
13 0-83 0602 2
3-8 093 2:362 2
7-6 093 397 2
15-2 0+93 4-308 2
9116 8-641 : 10-487 Unreflected 27,(3x3x3) 243 2
13 088 3426 2
3-8 093 657 2
7+6 093 9.7 2
15-2 093 9434 2




Table 9,2 !gﬂt,[

9ce

CYLINDERS . ARRAY REFLECTOR DELAYED CRITICAL PARAVETERS
REFERENCES
Height b Surface to Surface
Diameter| Height Mass Thickness {Densit No, of
(em) (cm) toRg:?r:etor (kgm) (em) (gm/ccg Cylinders Spacing ?:ng-'yliﬂdtﬂ
=.12:5 Kgm Cylinders
|
114494 | 8-077 0+70 154692 Unreflected 8, (2x2x2) 0-902 2
. _ Unreflected 11+494 (eentre to centre spacing) 2
13 0-88 1905 2
3-8 093 4 +961 2
76 093 T +391 2
152 093 7823 2
11490 | 8-077 15-683|  Unreflected 27, (3x3x3) 4204 2
1 03 088 : . 50677 2
3-8 093 10190 2
7.6 0+93 N 13+693 2
152 093 ' ) 14°194 2
~ 21 Kgm Cylinders
1 .
11464 |10:765 094 20805 Unreflected 8,(2x2x2) 2219 2,3
S , ,
11506 {10765 20+960 Unreflected 2248 2,3
Unreflected 13+503 (centre to centre spacing)
13 0-88 3-678 : 2,3
25 |093 , 5710 2,3
3-8 0+93 8-207 2,3
7+6 0-93 11509 2,3
15.2 0+93 . 114986 2,3
15.2 | 0-93 5.8t 2,3
11486 [10-765 0494 20:896 |  Unreflected 8, (2x4x1) . 1.062 * 2
' 9, (3x3x1) 0+658 2
16,(2x2x4) 3907 2
16, (2x4x2) 3-89 2
16, (4xhxt) | - 14516 2
18, (3x3x2) be641 2




URANIUM CYLINDERS ARRAY REF!.ECTUf DELAYED CRITICAL PARAKETERS
REFERENCES
‘ Halght b { Surface to Surface Spacing
Dismeter § Helght KHo3s {Ihickness | Dersit No. of p
to Diemster of Cylinders
(cm) {ca) “astlo {kom) {cm) (qr../cc‘ Cylinders (ca)
11-284 " {10765 0-94 20877 unreflected | 27,(3x3x3) 6-363 2,3
) Unreflected i 17-602 2
(centre to cantre epacing)
13 0-83 i 8-574 2,3
3-8 0-9) , 14764 2,)
7-6 0-93 18-720 2,3
15-2 0-93 19-147 2,3
152 | o 10-561* 2,3
9-116 |17-282 1-90 21008 Unreflected 8, (2x2x2)| 1-466 2
: 152 l 093 . 10-328 2
~ 26 kgm Cylinders
11509 {13459 1417 26+218 tinreflected 8,(2x2x2) 3-5439 2,3
Unreflacted 15-778 2
(centre to cantre spacing)
1-3 | o8 5-423 2,3
38 | o093 11-532 2,3
- 76 | 093 15-697 2,3
15.2 | 093 : 16-378 2,3
11+486 13-4%9 , 26113 Unreflected 27,(3x3x3) B-394 2,3
1-3 0-88 11-323 2,3
3-8 0-93 19606 2,3
76 0-93 244958 2,3
152 D93 24991 2.2

Composition 14-17 wt € Cr, 6-11 wt % Fe, Balance Ni(4Co) + Minor conitituents; density 8-51 gn/cc

The nunbers in parenthesss are the horlzontal and vertical dimsnsions, respectively, of the arrey sxprossed
in number of cylinders

Arrey was subcritical nith an apparent neutron source multiplication of ~ 3
Arrsy subcritlcal, maxiaum spperent source neutron multiplication ~ 70

Arl.'q was subcritical with an apparent neutron source aultiplication of ~ 10
Array subcritical, maximum apparent source neutron multiplication ~ 81

A composite array formed by bringing together one half of sach of thase arrays along a common centre line
until thetr lattice cell bounoaries coincided was mose than 1 dollar subcritical with apparent source-
neutron swltiplication of ~ 5§

‘Cornes’ reflection only by 76°2 x 762 can base reflector end two 762 x 45-7 side reflectors

This array conslsted of two clusters of four touching cylinders, The dimension quoted is the separation
betwesn the two clusters

Roplacing the central cylinder of this array by s 11-486 ca dia. x 13459 om cylinder, mass 26113 kom
produced a reacti¢ity ircrease in excess of 150 doillars

‘Cornex’ reflection only by 106-7 x 106-7 can base reflector and two 1G6-7 x 76-2 cm side reflectors
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EXPERIMENTAL RESULTS FOR UTYS METAL ARRAYS - KIGHLY ENRICHED

Iibie 9,2
Ihree Dimensionsl Rectilinear Lattices of 20-3¢0 kon Cylindrical Unlts Sepprated by Plexiglag frset
Uranius 1 Enricheant 93:2 wt, ¢

Density 18476 ga/cc,
mensions 1 11:506 ca dia x 10765 ea
etor t ¢

s Paraffin. lacate

T2z:any cate

o
-

sepivems amvveN SHeT

. Cylinder d
afl

Aowm, Daf
.

{
ATy A s

i
b

Y W -

Ths cylinders used in these expericants were each centered in a Plexigles box, the disensions of which are giwn in the Table,
Tre cylinders and enclosing boxes were supported, with the cylinder axes vertical, on stainlass stesl rode passing through two

0508 ¢ dia holes in each cylinder parallel to tre axie and located 8:5L7 en, spart on a dianster, The vertical eeparations

were established by spacers of appropriate length cut froa Inconel 2 tubing closely fltting the support rods, The rods were
mounted in sections of aluminium Unistrut attached to tha two parts of a split table,

PLEXIGLAS BOXES ARRAY REFLECTOR DELAYED CRITICAL PARAMETERS
Wall Outﬂdo(gsnmioﬂl Thickness | Density| WNo, of Surface to Surfacy | AEFERENCES
'lh(i::;nu (em) (g:/«.;. Cylinders Spacing fé.t):ynnd,n
.Base Helght ’
064 12:9 x 129 | 12 " Unreflected | 8,{2x2x2) 4082 F]
152 | 09 124662 2
0-64 156 x 15:6 | 148 tnreflscted | 8,(2x2x2) 429 2,3
: 123 o-s8| s-875 2,3
76 0493 12873 2,3
1502 093] - _ 12929 2,3
1.7 179 x 17:9 | 172 Wnreflected | 8,{2x2x2) 6619 2,3
1.3 0-88 €611 - 203
: 15:2 093 - 14°503 2,3
2:38 2144 x 21k | 2007 Unreflected | 8,(2x2x2) 10025 « 2
: 152 | 093 16477 2
Unreflected  R7,(3x3x3) 160289 9 2
| .
Nooe l.hn!:hcnd 8, (2x2r2) 3023 ! 2,3
064 156 x 1546 | 14-8 " Unreflected |8,(2x2x2) . saef 2,3

a Composition 14-17 wt, € Cr, Balance Ni(+Co) + Kinor constituents; density 8:51 gm/cc

b The nucbers in parentheses are the horitontal and werticsl dimensions, respectively, of the array expressed
in number of cylinders

¢ - A Plexigles sheet 416 x £3°2 x 0°16 cm inserted vn-tlully in the nl@ln of this array coused a 1°7 per cent
decrease in roactivity

6 Cylinder dimensions 11:484 ca dia x 10°765 ca nzss 20877 kg:

e feplacement of tre central container in this arrey by a Plexiglas box hwlnq 2:54 c», thlct walls and outside
dimensions of 22+4 x 224 (baee) x 21+6 (height) ca resultsd Ln s decreass {n resctivity of about 5 cents,
A Plexiglas sheet 68:6 x 762 x 0+32 cm fnserted verticelly aidway betwsen cdjacmt containars incrested
the resctivity by 5.6 cents

t  Each cylinder centered in a primary containar of 57 ASA Schedule &0 iren pipe, 0+66 ca wall thickness,
14°1 ca 0,d, x 13:2 ca height, provided with end plates of thickness equal to the pipe mall,



EXPERIMENTAL RESULTS FOR U??3 METAL ARRAYS - HIGHLY ENRICHED

Table 9.4

| .
Cubic Lattices of 2 in_, 1 in, Cubic Units in Water

Reference: 1

These experiments were performed in a 351 in, dia. x 28 in, tank filled
‘to within 5 in, of the top with water., An ef%ectively infinite thickness of
water is said to have been maintained on all sides of the array, The uranium
cubes were supported on Lucite trays and the outer boundary of the array was
maintained as near to a cube as the number of units assembled would allow,

URANIUM CUBES . DELAYED CRITICAL PARAMETERS
: Average Centre to Centre
Enrichment si Density| Mass No. of Spacing of
(wt, %) e (gm/ccg (gm) Cubes Cubes
' - (inn)
94+52 3 in. | 18-72| 38-35 | 469-36 0-75
378-10 1-00
371-58 1-17
367-67 1-302
52151 150
1434 2-25
94-3 1 in, 1872 | 306-8 83-44 125
, 74+97 1-50
73-01 175
79-86 2-00

a. Body centred cubic lattice



EXPERIMENTAL RESULTS FOR U432 METAL ARRAYS - HIGHLY ENRICHED

Table 9.5

Square Lattices of & in, dia, x 12 in, Rods in Water

Reference : 1
Uranium : Enrichment, 93614 wt €

E . Density, 18:72 gm/cc
Average mass of uranium per rod : 44°561 gm ' "

(The lengths.of the.rdds were varied in the range 12 + ) in, in
an attempt to obtain a uniform mass per rod., However, five rods
had diameters of 0-123 in, and averaged 42-34 gm), o

- These experiments were performed in a 351 in, dia, x 28 in.*tank,filléd
to within § in, of the top with water. An ef%ectively infinite thickness of
‘water is said to have been maintained on all sides of the array,

The uranium rods were supported in Lucite matrix plates and the outer’
boundary of the array was maintained approximately circular,.

DELAYED CRITICAL PARAMETERS
' Centré to Centre
No, of Spacing of Rods
Rods
(in.)
17 0-500
149 04625 .
152 0-750
173 0-875
203 1-000
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Table 9,6

EXPERIMENTAL RESULTS FOR U?2” METAL ARRAYS - HIGHLY ENRICHED

Two Discs with Plane Surfaces Facing

Reference

Uranium

Array Reflector

: 4

Enrictment 93-2 wt.%
Density .. 18-7 gm/cc

All arrays air-spaced
and unreflected

DELAYED CRITICAL PARAMETERS

Surface to Sufface

Thickness of

- Spacing of Discs Discs

(in.) (in.)
7 in, dia. Discs

0+125 2625
024 275
0-35 2-875
G4é6 3-00
06 310
0-76 3-25

11 in, dia, Discs

0+125
0-44
0-78

o
o

\OO\U"I‘\\.’QNN—‘-‘
8888R&8S

WWNRNNNNLONDDND = =
e R VIR
C)8 ggu\C>c>c)u1C)Ezojm

.

15 in. dia, Discs

.
T

. .

\hOO\hOSS

W N = =20
- m o0 O

2-10
2-25
2:35

2-50

o231




EXPERIMENTAL RESULTS FOR U222 METAL ARRAYS - HIGHLY ENRICHED

Table 9,7

Two 8 in, x 10 in, Slab-Shaped Units with Larger Surfaces Facing

References : 5, 6, 7

Uranium ;: Enrictment 932 wt %
Density 18-72 gm/cc

Array Reflector : All arrays air-spaced and unreflected

A The references give two sets of. results, an “as measured” set and a corrected
set, The corrections were determined experimentally and take into account the
effects of an aluninium column supporting the lower of the two slabs and a
0-024 in, thick stainless steel diaphragm supporting the upper slab, No account,
iz taken, however, of the reflection of neutrons b the walls and floor of the
room

DELAYED CRITICAL PARAMETERS
Surface to Surface
Spacing of Slabs Thickness of
Corrected for Slabs
Measurer Effects of
Support Structures .
(in.) (in.) ‘ (in.)
- 0200 : 1812
0-170 0+113 . 1-875
0-443 0-384 2-00C
0705 0-638 _2-125
1013 0-935 2-250
1-347 1-258 2+375
2-153 2-038 . K 2-625
2668 2-531 : 2750
3-302 3-142 : 2:875
44102 . 3-88 . 3-000
5175 4-902 3-125

o
w
o



EXPERIMENTAL RESULTS FOR U222 #ETAL ARRAYS - HIGHLY ENRICHED

Table 8

Cubic Lattices of 8 in. x 10 in, x 1 in, Slab-Shaped Units

Mass of U?? per slab : 22+ kgm

These arrays were assembled by bolting each slab, enclosed in a 0-005 in,
thick plastic bag, into a 1/16 in, thick aluminium tray. The trays were then
assembled horizontally, and with the slabs oriented with corresponding dimen-
sions parallel, into a steel framework attacted to a 1 in. thick stesl table,
A further 1/32 in, thick sheet of aluminium was then suspended below each .
position in the lattice, (see Figure 9.1)

Reflection to the base of the array was provided by the steel tablie and
ithe remaining sides were reflected by a 1 in. thickness of Plexiglas, The
shape of the array, as defined by the centres of the peripheral slabs, was
maintained as near a cube as the number of slabs assembled would allow and the
steel/Plexiglas reflector was located at the outer boundary of the peripheral
lattice cells,

DELAYED CRITICAL
PARAME TERS
URANTUM o T AT A -
ENR ICHMENT MATERIALS SEPAKATING Centre of| REFERENCES
(Wt %) THE SLABS Centre
. No, of Slabs] .~ .
! Spacing
of Slabs
(in.)
93+4 Air-spaced ‘ 145 1 8, 9, 10
93-4 1185 zx10 12 8, 9, 10
93-4 350 = 30 15 8, 9, 10
93415 1 in, thickness of Plexiglas 22 ' 2 11
situated midway between the
slabs in all three co-
ordinate planes
93-15 3-65 3 11
93-4 27 11 8, 9, 10
, 36 + 5 12 8, 9, 10
-2
93-4 75+ 5 15 8, 9, 10
-2
1 93-4 1 in, thicknesc of Plexiglas 36+ 5 12 8, 9, 10
situated midway between the -2
slabs in all three co-
ordinate planes, plus
Styrafoam 2@, Filling 70% of
the lattice cell vclume
93-4 As earlier experiment but 185 + 130 12 8, %, 10
1 Styrafoam replaced by Foamglas

a. Atomic composition CH, density 0-024 gm/cc
b. Foamglas, an insulating mzterial, is a porous borosilicate glass, boron
content - 2%, density 0-141 gm/cc.
_33




EXPER IMENTAL RESULTS FOk U323 METAL ARRAYS - INTERMEDIATE AND LOW ENRICHMENTS

Table 9,9

Plane Rectilinear Lattices of 30 in, x 3% in. x } in_ Plates of 2:09 wt.%

Enriched Uranium in Water

References : 12, 13
Mass of uranium per plate : 7-09 kgm

The plates used in these experiments were copper-plated and varnished
to prevent oxidation,

The lattices were assembled by laying the plates face-downwards in
parallel layers of four on a Plexiglas table, Separation within and between
the layers was maintained by Plexiglas spacers, giving a volume fraction of
Plexiglas of about 0-20. When the last row contained fewer than four plates
these were centred in the row if possible,

In order to prevent trapping of air in the assembly the lattice was
tilted up at one end., This resulted in a non-uniform top reflector, Aan
effectively infinite thickness of water is said to have been maintained on the
remaining sides of the array., If the total number of plates in each of these
assemblies is reduced by one half plate in the top row the resulting system
was found to be subcritical with an effectively infinite water reflector on
all sides,

DELAYED CRITICAL PARAMETERS
THICKNESS OF Surface to Surface
ToP REFLECTOR No. of Spacing of Plates
(SEE NOTES PREFACING TABLE) Plates (in.)

(cm) Within Rows |Between Rows
52 - 8-7 54 o) g.
65 - 9-4 49 2

- L) 7
7-0 - 100 47 z
211 - 25'3 48 1

. ,. 1
130 - 16-2 51 1z

. . 1 1 7
48 - 7-8 45% r 3

1 - . 1 3 7
51 8-1 453 F 'y
6-0 - 9-0 47 g. 7

a
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EXPERIMENTAL RESIKTS KI MRAYE OF HYDROGEN MODFRATED U3 UNMITS « HIGHLY EMRICHED

Jakle 9,10Q
&inzar Arreve of Cylindricel Units = Alr Oppced
FISSILE SOLUTION DELAYED CRITICAL PARAMETERS

nee of®

CYLINDER Fissile Uraniua Specific Solution H/uS ARRAY REFLECTOR No, of »Spulnq Between Solution Helght REFERENCES

Materisl gEntichrent [Gravity of Concentration Atuatc Ratio Cylinders Exterior Surfaces Abovs Cozm Base
ris (wt.%) Solution (¢ UP3/11tre) 4 Of Cylinders
5} tn, dia, Cylinders (QD)

A U02(NOy )3 92:6 1455 - - Array agsinst 6 in, 18 Nil hée23 in, 16

thick Plexiglas wall (Rot Critical)
19 Nl 417 in, in five 16

control units in
centre of arryy
&4+25 in, elsowtere

6 in, dia, Cylinders (D)

. « b,¢c
B | vt 932 | 1+66 537+6 443 Unrefiected 6 | 015 in, s 95 dn, | 17,1800

20-32 ca, dla, Units (OD)

f V02(H03)s 92-6 1455 - 5 Unreflected 16 K119 - 25
15424 ea thick 4 394 cal - 25
paraffin reflector
located st the outer
boundary of the
petriphersl lattice
cells

8 in, dia, Cylinders (D)
B 20, 93-2 14661 53746 ) Unreflected 2 015 1, 269 in.y 17,18,1%
30 >49 in,”? 17,18,17
B U0sFa 934 1566 - 529 Unretlected 00 in, >3 af 2
B WFs 93:2 14661 5376 3 Unreflectsd 3 015 in, 18:0 i, 17,18,19
30 49+igh in, 9 17,18,17
s WOaFa 9342 1661 §37:6 443 Unretlected ‘ 0415 1n, 16+5 in,> 17,18,13
30 in, 3842 in,b 17,18,19
B W, F3 93-2 1661 53746 3 Unreflected s 0:15 in, 15:8 in,p 17,18,13
. 30 |n, n in, . 17,18,12
15:0 in, >2 in, 17,18,17
9; in, dia, Cylinders ()
B Ui, 93:2 1109 868 37 Unreflected 2 10 In, 241 in, 21
. 30 1in, 3147 {n, 2
60 in, 4L+5 in, 21
80 |in, 5440 in, 21




1%

Iaple 9,90 (Cont)

FISSILE SOLUT BOM

CELAYED CRITICAL PARNETERS

et of?
Uraniwm Specific Solutien 1Y) ARRKY REFLECTOR Spscing Detvoon REFERENCES
CYLINDER Fistlle A2 Ko, of Selution Helgnt
taricraent {Grevity of Cencontzation Exterior Suzlaces
Material (wt,$) Solwtisn (on V3 /15tre) Atomic Raticy Cylinders of Cylindurs Arore Cxmon Base
] U0 ¥y 932 1109 %8 aman Unreflected 3 20 in, 2.3 Ia, 4]
. 60 1in, 332 \a, n
10-0 . 438 la, n
150 ta, 60t ia, n
] W;f, 9.2 14109 %3 g Unreflected 4 30 1is, 227 \in, n
60 LIa, X0 1ia, 4]
10:0 1ia, %5 in, o
] [T A 932 1109 %8 aan Unreflected s 30 Ia, 17 ia, 21
60 in, 28:3 in, H
100 1ia, X2 |Aa, a
| B 179 19 93.2 1109 868 n Unreflected 6 30 {n, 3 An, s
100 ia, . X8 in, 2
10 {n, 3la, Cylinders (D)
[ ] W,k 932 - - 49°2 Unreflected 2 014 {r, 10°28 ta, x
: to 4014 in, 1194 in, P2
501 12+14 ia, 12+5 ia, 2
8 uo,F, 934 1566 - 5249 Unreflected 00 ea D e 0
& U, F, 932 - - 857 Unreflected 0 is, 10:28 in, . -
: 314 in, 1167 in, 22
6+14 in, 12:22 ln, b4
. $2¢14 in, 1250 in, 22
b THA 934 1187 - 16 Unreflected 00 7 ! )
20 ca 307 e, 20
58 cm 32-8 ca, 20
96 ca He3 ca, 20
156 c» 35-8 o, 20
A% ca b 247 ca, 20
339 = 38-2 ca, 20
. 00 1 o 20
L] 0,F, 93-2 - - 325 Unreflected 014 in, 694 In, 22
. 3et4 in, 2278 \n, 22
9:14 in, 30:28 la, 22
B W Fy 932 - - 28 uareflected 6014 4n, 267 in, 2
" 16°+14 in, 3556 in, 22
.Cylinder walls 125 1n, 119 in, 22
reflocted by half 12¢19 in, 1413 in, 22
shalls of wates 2719 in, 1494 1in, 2
Y in, thick (see
Fig., 9.2), 4 in,
Plexiglas bese
reflectors .
s voFs 934 1100 - 3 Uareflected 00 c» 08 cof Py
. . 19 = &9 @, 20
L8 o» 500 e, 20
80 548 =, 2
166 c» 647 cmy )
)il ea Tk co, 20
- -] 801 c¢s 20




LET

Jable 9,10 (Coot.)

FISSILE SOLUTION

DELAYED CRITICAL PARAETERS

(a)
TYPE OF FLEC REFERENCES
Sl | rinene | wrmim | sene [ sommien T gy | MU o | tetin et sonnion i |
arichmen ravity o ;
Miterial (wt %) Solution |(ga V33 /11t re) Atomic Ratio Cylinders of Cylindars Above Comaon Base
¢ V02(NO3)a 90 - 70 - Array standing on » D ca 32 ¢a 23
graghite stack and S cn kL ) 23
against & graphite wall 15 ca Y- ) 23
X co 452 ca 2)
€0 ca 62 = 2)
M0 = o 2)
[} Uosf, 932 - - (Wllbq.:o ‘); Unreflected 206 In, 1111 in, 22
gder ) 6214 in, 12:22 in, 22
(Cyl. %o.2)) 12V4 in, 12:%0 In, F73
8 Vo Fa 932 - - 328 ) Unraflected 014 in, 1149 in, 2
(Cyi, No.1)) 414 1n, 12:50 1n, 2
501 1214 §n, 13:06 In, 2
(Cyl. Ko,2)) 18414 in, 13+19 tn, 2
8 WwsF; 9.2 - - ‘254 ) Unreflected 0414 in, 1316 in, 2
{Cyl, Ma,1))
328
(Cyl, %0.2))
B U0,F; 932 - - 254 Unreflscted 2414 in, 1917 in, 22
(Cyl. %o.1))
328
(Cyl, No,2))
cm nders “m
c U0 (KO3 ) 2 90 - 105 260 Unreflected 2 0c¢a %5 cm 2)
Jeca 279 ca 2)
6 287 ca 2)
12 e 6 ca 2)
3 cs X8 cm 23
60 ca N2 o= 23
90 ca 31) e 2)
105 e N5 ca 23
120 o NS5 ca 2)
c u,.{N0)), % - 7% 3%0 0 o N e 23
75 co Nh cm 23
15 o» 282 om 23
Eol- 75 em 23
€0 ca D8 o= 23
90 ca 412 o 23
120 ca M) e F3)
(4 u0{R0)) 3 9 - Gl - Arzay standing on 8 0 ca 2)2 c» 23
graphite stk and 5 e 253 = 23
against a graphite 15 = 276 cn 23
wall 0 e NS e 23
&0 ca 08 o= 23
110 e Hed ¢a 2)




4

(a) FISSILE SOLUTIOM DELAYED CRITICAL PARMETERS
TYee Of' "’
CriInOER Ursniua Specific Solution 1Y) ARRAY MEFLECTOR Spacing Betwaen RE FERENCES
:::::::l Enrictoant | Gravity of | Concentration At’;{lljc Ratlo q'l‘ou\a::t Exterior Surfaces &luﬂm H»dgM
(wt, <) Solution | (g0 L¥??/11tre) of Cylinders ve Casmon Base
c 10,(N0y) 4 90 - H 520 Unreflected 2 Ocn 410 ca 2)
. 75 co 48+8 ca 2)
15 ca 52:4 ¢ 2)
Y o 566 ca 2)
@0 ea O o a3
90 ca 61-% cm 2)
10 & 62 o 2)
1 n n
8 Wik, 934 1187 - 69 Unreflected 2 03 c» 17:3 cat b 20
$:0 ¢ 17.8 H 20
15:0 e 180 ca(” 20
500 en 18:3 ca n
b TR 9 14100 . 19 Unreflected 0:2 ca 20 eaf! 2
5:0 ca 208 o t] 20
97 21+0 c-“ o]
e ea 1) iy o)
50+0 ca 215 ca 22
n l{n 0 .
b w,f, 934 1187 - 169 Unreflacted 2 00 ca 167 calf 2
) 5¢0 cm 148 8 .o}
2000 cm 14°8 o' 20
v WaFa 934 1187 . 12 nreflected 0+0 cs 1647 am 23
10:0 ¢» 170 al(” 3]
250 cm 173 cn _ 2
(3) The Type A cylinders ware a 5} In, 0.0, sesaless polyethylene bottle, approximately 48 in, long, whicn had » 11 In, dia, copped opening and a nominal capeclity of ~ 1) &

(v)

(c)
(d)

(o)
)

(9)

The wall thicknesy varied froa 0-45 {n, at the bottoa to 0¢20 in, at the top, Tesulting in a volume averaped IfD. of ~ 467 in, '

™e Type B cylinders were 1/16 In, thick Type 35 slusiniw

The Type C cylinders ware 15 sm thick stainless steel (18 Cr ~ 9 NL - Ti type)

The Type D cylinders werv 1/16 in, thick Type 347 stainless eteel

ite Type F cylinders were 20032 cn, 0.D, x 1905 ca, external halght of 0:635 ca, thick Plexiglas and contained $-000 £ 0:0003 litres of fissile solution

Thase experinents were perforaed inside o 9'; ft. dia, x 10 ft, steel tank, No corrections were sade to the results for stray reflection or for the effects of tre
feed line, :

Extrapolaticn of the reciprocal source-neutron multiplication curve is sald to indlcata that this array could not be made critlical at any solution halight,

Total nitrate in the solution corresponced to an N/U?? atoslc ratlo of 2:006, I[n thess experisents the cylinders were held in position on an aluminium unistrut frame
by bolted lugs,

Arvey subceitical with spparent source neutron mutliplication of approxisately 6,

The fissile solution feed line forsed a column of solution 3 in, dia and about 1 ft, long attached to the bottom of the stationdry wember of esch psir of cylinders, an

sppropriste correction for the effect of this on the critical height of the stetionsry cylinder In isolation was evelusted exparimentslly, (1:2 ca, for the 8 In, dla
wit, 07 ca, for the 10 in, dla wnit) an3 tnd sontribution to intersction was shown to be negligible, The critical halghts reported are tre average of the actual heignt

" in tho moveadble cylinder and the corrected height in the stationary cylinder,

This helyht was derived from an extrapolation of reciprocsl multiplicetion curve from an experimental helght of 40 in, and 1 sald to be purpotely eat low,
It say be that the system cannot be made critical st any solution height,
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EXPERIMCHTAL RESULTS FCR ARRAYS OF HYDROGE'N WODERATED U LNITS - KHIGILY ENRICHED
Isble 901

Linear Arrays of Oylindsical Unlts {n Water
Fisslle Material g UO,F,
1 1/16 in, thick Type 35 alwinium

Cylinders

FISSILE SOLUTION

DELAYED CRITICAL PARAMETERS

Uraniw Speclfic Solution 18 . Spicing Between REFERENCES
Enrictment| Sravity of [Concentration M:{g Ratio C"T:r::u Eaterior Surfaces Ab&:lutlcon H&lgh:.
(w2,1) Solution J(3= U323 /1itre) i yie of Cylinders ve b
8§ jn, dia Cylinders [:D}
934 14565 - 2.9 2 0+2 ¢ %ok ea ? 20
29 e 5949 cn : 20
Je) ca %2 cu 20
J:8 ¢ca 483 co : 20
4N ¢n 70:2 ca N X
402 cx KO- 20
93-2 - - 5301 6 2¢17in, 16+ 14ca © 22
932 - - 5941 7 0.2, 9+321n,° 2
" 1e1tin, 11+144n, )
2:17in, 16-1L\n.b 22
3:111n, %-C2ln, 22
5t in._dia Cflinders (ID)
934 14926 - 299 2 25 er 7741 ca § 20
29 ¢z 1 0Ocn 20
£ 1n, dia Zdlinders (D)
93:¢ 14926 - 299 2 2t e 28 x| 22
29 ca 2609 2
932 14650 537:6 %3 3154, 37 m,g 17
3:C in, 1643 \ﬂ.b 17
67 1n, 249 i,y 17
9:0 in, 232 in, 17
93+4 14566 - 52+9 00 ca A0 @’ 2
2 e 240 ¢cn * Fo
58 cn Nesem 2
87 Wi 20
M2 en 476 ca 20
136 ¢u 42 20
934 1187 - 169 0-4 <o 289 o 3 20
20 ¢a 32°5 ca . x
440 cn 42°2 ca 20
640 ca 68 ca’ 20
9344 1401 - 39 02 ca 631 ca : 20
05 e 65:2 aa | 2
0:8 ca 98 ca 20




ove

:ble 11 (Cont
FISSILE SoluTION OSLAYED CRITICAL PARAMETERS
Uranium Specific Solutlon 7] Spacing Between REFERZNCES
Enrichoent | Gravity of [Concentration At H{'cfhnlo CN?in::n Exterior Surfacet Ai:\l/:‘(‘:m H“g:':.
(wt.<) solution |[(ga UT?2/11tre)| A"0% 4 of Cylinders o300
93-2 14661 §37:6 43 ) 0:Ysia, 81 \n_,: 17
3:0 in, 142 §n,p %)
6-0 In, 23:3 In,p 17
90 in. 27.8 in.y 17
12:0 in. 288 in, 17
93:2 14661 5316 Ak+) I 9-151n, 78 tn.} 17
3.0 in, 13:7 in, 17
6:0 In, 23:0 in, 17
932 1661 537-6 i) 5 340 in, 134 m.g v
90 In, 2790 in, 17
93+2 1661 5376 ) 6 0-154n, 744 In.) 17
3:0 in, 13:2 in.p v
6:0 In, 22+6 in, 17
8 in, dia Cylinders (!0
934 1-926 - 2949 2 00 ¢a 134 u:, 20
04 ca 135 cal 2
15 c» 140 ¢c» 9]
93.2 1:661 5376 443 0-151n, 69 1n,> 17
30 tn, 8+3 in, 17
934 1566 - 5249 00 ¢ 12:8 ca® 29
00 ¢ 132 c-: 20
0-8 ca 1346 ca 20
107 ca 13+9 e-: 20
1°8 ¢ 137 o, b9
JS5en 1449 ) 20
36 ca 153 ca, 2]
L2 o 15:2 ca 0
57 1641 cu® 20
68 c» 16:6 tad P
7:0 ca 170 ca’ 2
86 ¢cs 176 ca’ 20
10°9 e 184 cn® F2)
144 ca 188 cn® po)
14:7 cn 188 ca’ P
147 e 191 cu: 20
2 & 18+6 ca, 20
43:0 ¢em 18+8 ca 20
93:2 14661 53746 403 3 0-15in, 63 in.p )
140 ia, 8:2 In, 17
93-2 1+661 537-6 443 4 0-154n. 622 ta,p 1
3:0 ia, -8+0 in, 17
93-2 1661 83746 4-3 s 0+151n, 601 10,0 17
30 in, 80 tn," - 17
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Isble 9,11 (Cont,)

FISSILE SOLUTION DELAYED CRITICAL PARAMETERS
Uraniun Specific - Solution 238 Spacing Betwsen REFERENCES
Enrichmant Gravity of Concentration Atc::{g Ratio CN:ing-:n Exterior Surfaces .s°| Xutcion Hdg:';r
(wt, %) Solution (g U223 /11tre) Y . of Cylinders
10 in, dia, Cylinders (ID)
9344 1926 - 2949 2 040 ca 110 en® 20
93+4 1566 - 529 02 e 10:3 cn} 20
0-3 cem 112 e, 20
70 ca 12-2 e, 20
1045 ¢cn 12+7 ey 20
13-0 ca 129 'cu‘ p- ¢}
20+0 ¢ 130 ca 20
934 1101 - 329 00 e 169 a-: 20
30 c¢ca 18-7 e, 20
80 cm 211 co 20
15 in, dia, Cylinders (ID)
93+4 14566 - 529 - 2 00 ca 73 cmy 20
' . 29 cn 7.6 ca, 20
‘ 5.8 em - 7465 ca, 20
11+6 ca . 77  em 20
934 14187 - 169 00 ¢a 9+0 cxj 20
3:0 ca 9.3 ety 20
220 ca 97 cn 20
93-4 1-101 B 329 0°0 ¢ 115 e} 20
5:0 ¢cu 123 s, p.g)
200 ¢cn 126 ca - o]

8.

These exparimants wers performed incide a water-filled tank measuring 4 ft, 5 in, x 2 ft, 3 in, x 3 ft, 6 in, desp,
malntaining at least 10 cm of water on all cides of the array, Small aluminium water tanks, 6 in, deep and
fitting snugly into the respective reactort, provided reflectors for the top surface of the fissile solution

The fiesile solution fesd lins formed a colurn of solution 3 in, in diameter and about 1 ft, long attached to the
bo2tow of the stationary member of each pair of cylinders, An sppropriate correction for the effect of this on
thy critical helght of the stationary cylindar in isolation was estimated expericentally, (1:2 cr for the 8 in, .
dis, unit, 07 e for the 10 in, dla, unit; and the contribution to interaction was shown to be negligible. The
critical helghts reported are the average of the actual height in the moveable cylindsr and the corrected height
in the astationary cylinder

Trase experimante wers performad inside a 9% ft. dia, x 10 ft, steel tank which was filled with water to the lovel
of tha fissile solution at critical (i,e,, “the arrsy was without top reflection). No corrections ware made to the
results for and effects dus to the structure of ths cylinders or the feed line,
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EXPERDENTAL RESULTS FOR ARRAYS OF KYDROIEH MOOERATED U*’% UXITS < H

Haxsoonl Lattices of Cvli

IGHLY EMRIOED
Ivle 9,12

ndrical Units - Alr Sceaced

Arroy Puflector 3 All arzeys unreflectad

FISSILE SOLUTION DELAYED CRITICAL PARAMETERS
gnug: Urealue | Spestitc Solution s K Spacing Betvesn RE FERENCES
:::::1:‘ Enrichment c’";;“ Concentration .."j_pf; Ratie ".-‘?'.ugﬁ-s Exterlor Surfaces _&E‘_",‘.” ”“?_‘:6
n.5) | givtion| (7 ut?3/15tre) e/ of Cylinders haadadhaamnaliidd
5 Ja, Gylindery “m
8 932 - - %01 ? 0+28 In, 11436 tn, 2
1417 1n, 1625 in, 2
53 in, dia Cylinders (0D)
A W (NN, 92+6 1:85 - . 3 Nl &4+25 n, 16
(Mot critical)
4 N1 34456 in, 16
5 R 15470 1n,° 16
7 155 fn, PITRETE 16
19 486 in, w18 16
r .i‘ s ~ c‘_‘..__ ’.ﬂ\,
8 U3k 93-2 14661 53746 “e) 3 015 tn, | >70 1n,* 17
. 1(Extrapntation from 23 in,)
30 tn, ! P AT 17
8 WaFs 932 1661 53746 4403 7 015 1in, 89 1n,° 17
1.0 in, 13:0 n,* 17
20 in, 20°3 1n,* 17
30 in, © 33 2210,° 1
40 in, > %0 m.:';' 17
60 in, > in,"’ 17
3 U02(h0y) 2 926 1485 - 09 0415 1n, 9476 in, 16
: 1400 in, 15440 1n, 16
2.00 in, 2747 in, 15
250 ia, 416 in, 16
[} w,F, 93:2 1:105 83+6 - 0+3 in, 12:2 tn, 21
: 1.0 1n, 244 in, 21
20 in, n in, 21
(extrapolation fron 63 inl)
8 WalNoy)a | 9246 155 - - 19 381 in. 20-00 1n.) 16
495 in, - 2400 in,] 16
94 in, . 4000 in.p 16
664 1n, 30+00 in,
. 2 P
F voa(my)a |  92+6 1455 - 59 19 1035 ca [ [ 25




Isble 9,12 (Cont,)

FISSILE SOLUTION , DELAYED CRITICAL PARAMETERS
TYpe OF® ;
CYLINDER Specific "
Flesile | W78 08 | Gravity oioe H/u233 No,of Spacing Between Solution Helght REFERENCES
Material Enrichaent ¢ Concentration Atoaic Ratio| Cylinders Exterior Surfaces bove H
rie (wt %) ° (om UP3/1itre) o * of Cylinders ’ Coazon Base
Solution
n., gl nder
B 0, F; 93:2 1061 53746 443 3 0-15 in, 10+7 in.: 17
1«0 1in, ) 13-8 £n.. 17
2°0 in, . 178 in.. 17
30 in, 2240 Sn.. 17
40 1in, 271 ln.. 17
6:0 in, A2 ln.. 17
9+0 in, > 60 in, 17
. (Extrapolated froa X in)
B U0, F, 93-2 1:105 83+6 309 0°15 in, 16+3 {n, 2)
1+0 in, 312 .ln.J 3
2'0 ‘n. - 2‘
5 VOsFa 932 14661 53746 443 7 0+15 1in, 7:2 in.§ 17
1:0 {in, 85 £n.. 17
20 in, 10°1 tn.. 17
3«0 {n, 1147 ln.. 17
40 in, 132 ln.. 17
6+0 1in, 16+% ln.. 17
. 9+0 in, 242 ln.. X 17
) 120 in, > 25 in,”? 17
B U0 Fa 93.2 1105 836 - ko) 1.0 in, 113 in, 21
30 in, 178 in, 21
60 in, 354 1in, 21
70 in, 46°+9 1in, 21
97 in, dia Oylinders (ID)
B U0z F. 932 1102 868 297 3 1+0 1in, 134 in, 21
4:0 1in, 243 in, 21
8«0 in, 281 in, 21
12-0 1in, 36+3 In, 21
130 1in, 497 in, 21
22+0 in, 601 1n, 21
B V0, Fy 93.2 1109 868 Fiy 7 3:0 in, 12*1 in, 21
. 10°0 ia, 2°t  in, 21
20 in, 3249 in, 21
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Table 9,12 {Cont,)

lyethylene bottle, approximately 48 ins long which had a 1 ins capped opening and a

The Type A cylindeys wers 2 s in, 0,D, poly
noninal capacity of ~13 g, ﬁho wall thickness, varied £ ros 0 45 tn, at ths bottom to 0:20 in, at the top, risultinq in s
volume averaged I.D. of 4467 in

The Typs B ¢ylinders ware 1/16 in, thick Type 35 aluwniniua,

The Type F cylinders were 2032 cm 0.D, x 19+05 cm external hnight of 0:635 cm thick Plexiglas and contalned
5.000 £ 0-0003 litres of fissile solution,

The configuration of these arrays fo: various numbers of cylinders is illustrated In Figure 9.3,

An arrsy of 5 units in contact arranned in the configuration snown in Figure 9-4 was not critical at a solution height of 44+25 ins

Each cylinder contained 1276 litres of Fissile tolution

These experiments were psrformed inside a 9! ft dia x 10 ft steel tank, No corrections were made to the results for stray
reflection or for the effects of the feed 1ino. :

These cylindars were filled to a height of at least 27 ins and the extrapclation of the reciprocal source-neutron sultiplicetion
curve {s said to indicata that they could not bs made critical at any height,

Extrapolation of a reciprocal source-neutron multiplication curve from a height of 29 ins {s said to show that this system may be
critical at a hoight greater than 50 ins,

The 12 outer cylinders were of 6 ins 0.D, and 0-05 in, wall thickness

Total nitrats in the solution corresponded to an ¥/U?® atomic ratio of 2:006, In these experiments the cylinders were held in
position on &n aluriniue Unistrut frame by bolted lugs, :

Extrapolation indefinite, sald to ba probably not critical at any height,

Extrapolation of a source neutron multiplication curve from 17 ins is said to indicate that the system may be critical at a
height as low as that recorded,



EXPERICNTAL RESULTS FOR ARRAYS OF HYDROGEN BLOERATED U¥Y% INITS - HIGILY ENAIOHED

bl ]
Hex Lattices of indr{cal Yny 'g Nater
Fissile Raterial 1 WO,F,
Cylinders ¢ 1/16 in, thick Typs 35 sluminive

Thete expericents ware poriorsed Inside o 97 ft dia x 10 It stee) tonx filled nith water to the leval of the fisaile
solution at critical, (1,e,, tre srray was without top reflaction), No correction: were @ade to the results for end
effects dur to the structure of the cylinders of the feed line, .

FiS3ILE SCLUTICN D LAYID CR'TICAL PARAVETERS
, Speclific Spacing Petween PP
Uranfu: - Salution F3X) . ] Solution Helght | REFERINC:S
el ravity HA Ho, of Exterior Surfaces
En(r;:'.;o;a( of ?'ca?')'”t:::') Atonle Ratio | Cylindars of Cylinders Above mﬂ Bate
: tolutlon i ' S (i) :
5 4n, d}: Cylirdery (1D}
232 . - 501 ? 0:28 5+6d 2
1:41 6% ' e
Fo & 840 22
417 15:4% P>
6§ 414 Crilod (:p)
9)-2 (KX $Y7-6 (Y23 ] 3 0% 70 1?
)0 12+) 1?7
?’; )2 1661 §37+6 &) 7 018 §-0 17
10 94 b
20 6:9 1?
)< . 9.2 1
40 122 1?
60 188 17
9-0 2543 1?7
120 2844 17
1340 293 1?
2u$ 2W8-8 17
LA, dia Svliegery (10}
9):2 1661 $37+¢ Ade) ) Q-1 5.7 12
V0 et - 17
0 74 v
3-0 7.8 17
4-Q [ 1Y} V7
69 89 17
9)-2 1689 537 +% &) 7 0:1% 47 17
19 $:0 17
20 84 17
) 70 2
40 78 17
6-0 e? 17
90 $-0 17

8, T conliguration of thess srraye for verleus mumbors of cyllinders Is S1ivstrated tn Figure 9.1



EXPERIMENTAL RESULTS FOR ARRAYS OF HYDKOGEN MODERATED U222 UNITS - HIGHLY ENRICHED

Tsble 9,14

Haxaconal Lattices of Cadmium—Clad Cylindrical
Units - Air Spaced

Reference 17
Fissile Solucion ; WO.Fz at 537+6 gm G*?%/litre

and 9322 wt % enrichmant

Spociﬂc Gravity 1651

/U222 Atomic Ratio 44°3
: 1/16 in, thick Type 35 aluminium with
© 0+028 in, thick cadeium on walls only
s All arrsys unreflscted

Cylinders
“Array Reflector
The3o experissnts were performed ! nside a : ft; dta, x 10 ft, steesl tank,

Ko corrections were mede to the results for stray reflection or for the effect
.of the fead line,

DELAYED CRITICAL PARAYETERS
No. of® Eif:ﬁ:gg g::f:;:‘ Solution Height
Oylindag; ‘ of Wlindo:s bove Co=mon Base
(in.) (in.)
6 in, dia, Cylinders {ID)
3 1.0 > 27°
7 0-15 10-3
10 151
20 246
30 > 5¢°
40 > 27
8 in, dis, Cylinders (ID)
3 0-15§ 117
1-0 14-6
20 18+5
3-0 22-9
4-0 282
50 35-2
6-0 43
9-0 > 55
(Extrapoleted from
)

246




Table 9,14 (Cont,}

DELAYED CRITICAL PARAMETERS
a Spacing Between . .
St | e BT | st vt
Y ° of Cylinders :
(in.) (in.)
7 0-15 77
10 GG
2+0 105
3-0 12-0
4-0 13-6
6-0 169
9-0 > 288

The configuration of these arrays for variocus nuabers of cylinders is
illustrated in Figure 9.3

These cylinders were fllled to a helight of at least 27 in, and the extrapola-
tion of the reciprocal source-neviron multiplication curve 1s said to indicate
that they could not bLe made critical at any height

Extrapolation of a recipyrezal source-neulron multiplication curve froe a
height of 29 in. is szid to show that this system may be critical at a
height greater than 50 in,

Extrzpolation of a source neutron multiplication curve from 17 in, is said
to indicate the system msy be criticzl at a height ac low as that recorded.



EXPERIMENTAL RESULTS FOR ARRAYS OF HYDROGEN MODERATED U222 UNITS - HIGHLY ENRICHED

Table 9-15
Hexsqonal Lattices of Cadvium — Clad Cylindrical Units in Water

Reference : 17

Ficsile Solutisn : UO,F, at 537-6 gna U?33/1itre and 93-2 wt.% enrichment
' - . Specific Gravity 1+661 , S
H/U*3? Atomic Ratio 44-3

Cylinders : 1+16 in, thick Type 3S aluminium with 0-028 in. thick cadmium
: on walls only o * ‘ ‘ : .

, These experiments were performed inside a 9% ft, dia. x 10 ft, steel tank °
filled with water to the level of the fissile sofution at critical (i.e., the

2rray was without top reflection). No corrections were made to the results for
end offscts dus to the structure of the cylinders or the feed line

DELAYED CRITICAL PARAMETERS

Spacing Betweenr

Solution Hoight
Exterior Surfaces
of Cylinders Above Common Base

(in.) (in2)
6 in, dia. Cylinders (ID)

No, ofa-
Cylinders

3 1-0 > 27b

7 Q15 8-1
1.0 ‘ 7.4
20 > 27b
30 : > 27g
4+0 > 27

3 0-15 84
1-0 10-8

2+0 142

e 17-1

4-0 195

6-0 22-1

" 9+0 235

3 B}

248



Table 9,15 (Cont,)

DELAYED CRITICAL PARAMETERS
No. ot Eig:iigg gﬁt:if:s Solution Heloht
Cylinders of Cylinders Above Commcn Basa
(1.) (in.)
7 0-15 62
1-0 g-2
2-0 112
3-0 14-3
4-0 1741
6-0 21 + 1
9-0 20 = 23-5

a, TIhe configuration of thcse arrays for various numbers
of cylinders is illustrated in Figure 9.3

b. These cylinders were filled to a height of at lcast
27 in, and the extrapolation of the reciprocal
source-neutron multiplication curve is said to
indicate that they could not be made critical at
any haight

249
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TXPERNENTAL A SULTS 1CA AMRAYS OF MYDSOGLY RCCERATED U122 UNLTS - RIGHLY EXR1DGD

Jakle 8.2

favare battises of € flndrigal Wnids o 82 Apated

Arrey holloster ; ALl arreys wnreflected

(See alr Tadle 9,19)

1
PISSILE SOULTICN DELAYED CRITICAL PARAE TERS
v ot
Speciiie fpasing Batween | Belwklon Kelgnt |REPERERNS
CrLI RAR Vraniwm Solvtion ) » N A e
:::::::l Enrichoant 0"::" c"'"?;"“.n ua:(:"luu C:iuzn h::'g;\:z::“. Sore
()| goiuien Joo V72000 (in.) (38,
51 A, Cylindess (€0)
. rga . . . 4 23
A [VO13¢ STV 92:6 Ve$s (212 mi (not eritical) 16
A LI (¥ ) 926 1458 - (’: " ST 2} 16
' ' 1499 - »Ee 16
17 NN %
A W, (10,), 92:6 188 - “‘g R 2416 22;¢ 16
Y, ' )¢ 0
»nR a}e %
372 8} ¢
A wainoy)s | 9246 1088 . “’: 5 1+00 22} ¢ 16
)92 ne 16
458 kge i
$:38 883 ¢ 16
A Wilsy), 92-4 148§ - ( X% 388 Fr 1
5 x b) fe 16
>64 15
5464 27497 In, five 1%
control wnjted
AA+25 in, remain.
1ng units
A woi(ns)s | 92+ 1.38 - “’2 6 564 H-67 1m tive, %
. . . control wnits
44425 in. rensin-
Ing wiity
A Wiy |92 1455 - 9 B3 88} ¢ 6




Table

1

FISSILE SOLUTION DELAYED CRITICAL PARAMGTERS
TYeE CF® .
" Specific Spacing Between | Solution Height | REFERENCES
CYLIKUERS g:::i::l Eg;:Z;::nt Gravity c°§§::::§:10n H/y3? No, of® Exterior Surfaces| Above Common
) of 233 Atomic Ratio {Cylinders of Cylinders Bass
Uranium (wt.%) Solution (gn U323 /1itre) (in.) (in)
’ . . 6‘ . 1€
A U02(103) 2 9246 1:55 - - (8x8) 443 2L 16
A [voa(Nos)a | 92+6 155 - - (939) 7479 4l 16
A Juoado)s | 9246 155 - . (10010} 5404 224° 16
53 in, dia Cylinder (CD)
£ |uos(noy). 92+6 155 - - (33) 1443 22} 16
E [UoaNoy)s | 926 1455 - - (e 260 2y 16
2:34 22; 16
E Uoa(NOy)2 | 92¢6 1455 - - (2a9) 280 22} 16
E |uoanos)a | 9206 1455 - - oy 2:82 22} 16
36
E U02(NOy) 2 92:6 1455 - - (6a6) | 425 22} 16
E W;(N3) . 92+6 1455 [ {gig) i 532 22t 16
6 in, diz Cylindars (10)
; 61 Z5+33 X
8 U01(105) 2 92:6 1.55 | - - (2x2) 0.33 L2.8 16
9
B 03 (NO3) 92+6 1455 - - 9 150 20-25. 16
s (3x3) 1470 21467, 16
£ e |
h
3-00 49460 16
15 i
B U02(N03) 906 1:55 - - 258 20-00 16
2(t0s) (4xd) 377 30400 16
4+50 40+08 16
5400 5040 16




T

ble 9,1

FISSILE SOLUTION ‘ DELAYED CRITICAL PARAMETERS
TYPe? )
. : Specific Spacing Between Solution Height REFERENCES
OF Chemical Uranium Gravity Solutlon H/U3d No. of® |Exterior Surfaces Above Common
CYLINDER Form of Enrichmnent ¢ Concentration Atonic Rati Cylinde f Cylinders - : B
Uranium (wt.3) of (g U323/11tre) omic Ratio ylinders of Cylinders - ase
. Solution ' SR € V.79 K {in,)
93 in, dia, Cylinders (ID)
B UOsFs 93.2 14109 868 297 (2’;2) 3.0 . . 158 21
' . 100 ' 27+2 21
220 - 474 21
30 _ 62'5 o2

The Type A cylinders were a 53 in. seanless polyethylene bottle, approximately 48 in, long, which had a 1} in, dla, capped opening and e
nominal capacity of ~13 1, The wall thickness varied from 0+45 in, at the bottom to 0°20 in, at the top, resulting in a volume averaged ID

of ~ 44067 in,
The Type B cylinders were 4 in, thick Type B 3S aluminium

The Type E cylinders were a 5; in, 0.D. polyethylene bottle, approximately 48 in, long, which had a wide capped opening, a welded bottom,
and a nominal capacity of ~ 15 litres, The walls had a uniform thickness of 025 in,

The number in parentheses are tﬁe dimensions of the arfay expressed in number of‘cylinders

12 these experiments three different solution heights were used - 22} in., 33} in., 44} in;, corresponding to 5-90 litres, 9-:30 litres,
1276 litres of fissile solution per cylinder, The height of 88% fin, was obtained by using a double tier of the LL} in, units, the vertical
spacing batween solution in the two tiers being 5+6 in,

This expariment was parformed inside a 93 ft dia, x 10 fi steel tank

This experiment was performed inside a 9} ft dia.>x 10 ft steel tank contiining sufficient water to form a bottom reflector for the array
Plastic liner 0+20 in. thick inside each cylinder, resulting in a contained voluné of 6'3§ litres pgr‘cyllndef

Only a central row of three cylinders were as specified, Tﬁe remaining six cylinders were of 6 in, 6.D. and 0-05 in, wall thickness

Two diagonally opposed corner cylinders were §f 6 in, 0,D, and 0+05 in, wall thicgnesi

Only one inner réw of four cylinders as specified, The remaining six cyiiqders -ert.éf 6 in, 0.D. And'o-05 in, wall thickness




EXPERIMENTAL RESULTS FOR ARRAYS OF HYDROGEN MODERATED U233 1RITS — HIGHLY ERNIC

Table 9,17

Square Lattices of Cylindrical Units in Water

Reference : 16
Fissile Solution : U02(NC3)2 at 410 gm U/litre and 92-6 wt.$ enrichment
Specific Gravity 1-55
' H/U23> Atomic Ratio

”ylxnders : 52 in. 0.D. seamless polyethylene bottles, approximately 48 in,

long, which had a 1 in, dia, capped opening and a nominal capacity
of ~13 1.. The wall thickness varied from 0-45 in, at the bottom -

"to 020 in, at the top, resulting in a volume averaged ID of ~ 4-67
in, Each cylinder contained 12:76 litres of fissile solution

: These experiments. were performed inside a water fllxed tank measuring
9- ft in dia. x 10 ft ’

DELAYED CRITICAL PARAMETERS
No. of? Spacing Between Solutinn Height
c linders Exterior Surfaces Above Common
¥ of Cylinders Base
36 ' Ll s 44+25 in,
(6 x 6) 564 in, (not critical)

@, The numbers in parenthesis are the dimensions
of the array expressed in number of cylinders



EXPERIMENTAL RESULTS FOR ARRAYS OF HYUROGEN BOOZRATED L3P LITY - HIGHLY ENAICHED

Table .08
Sguare Lattices of Cylindrical Wnits Separated by Plexiglas Sheet

Reference 6
Fissile Solution 1 UD;(N03)y at 410 97 U/1litre and 92:6 w*.$ enrichaent
Spacific Gravity .45
H/UMYS Avosic Ratio
Cylinders 1 5! in, 0,0, seanless polythene bottles approximately 48 in,
long, which had 2 1} In, dia, cappe | opening and 4 hoalnal
capicity of <13 lilres, The wall thicknesy varied fron
0:45 in, ot the bottor to 0:20 In, at the top, resulting
in a voiure aversged 1,0, of ~4+67 fn, Each cylinder
contained 12:T6 litres of fissile solution

Thate expericants &1l 1o ler to o basic array of 16 (& x &)* eylinders

: ARRAY REFLECTCR SPACING JETaTEN
VATERIALS SUPARATING EXTTRICR SURFACES
™e CryLinDIRS . A CrLINDRS

katerial | Ceomatsy n“t:‘:‘;’ Tens ity (i=,

7¢z

0+5 in, thick cylindrical
stall of Piexiglay
surzounding each cyiinder

0'S in, thiekness of
Flexiglas situated aldway
tetween the cylinders in
both coordinate planes

Plexiglas

Unreflected s

V+0C in, thickness of
Plexiglas situated midway
between the cylinders in
both coordinate planes

Plexiglas

1:50 in, thickness of
rlexiglas situated aldway
tetween the cylinders in
bath coordinate planes

Plexiglas

Te nunbers in parenthasls are the dimenslons of the array exprecsed in number of ¢ylindersy




EXPERIMENTAL RESULTS FOR ARRAYS OF HYDROGEN MODERATED U222 UNITS - HIGHLY CNRICHED

Teble 9,19

Square Lattices of Cylindrical Units - Array
Divided into Iwo Parts bv Concrete or Plexiglas/Water Slab

Reference : 24

Fissile Solution : U02{NO3) at 410 gm uranium/litre and
 92+6 wt,% enrickment
Specific Gravity 1:55
_H/U*?3 atomic ratio 56

Cylinders : 15 2 cm dia., 1+6 mn thick aluminium
Water Containers : 3-2 mm thick aluminium '
. The conf1guration of these arrays is illustrated in Figure 9+:5.  The
majority of cylinders in each array were filled to capacity, i.e., a standard

height of 50 in,; the heights recorded in the Tzble are for the remaining:
‘non-standard cylinders,

: DELAYED CRITICAL PARAMETERS
FIGURE_NOf‘ Spacing Between Exterior - Solution Height Above Common
Surfaces of Cylinders  Base in Non-Standard Cylinders
(in.) {in.)
Air-Spaced Syﬁtems
9-5 (a) 44 (54-10 (3 cyls,))
- | . (20-2 (1 cyl.))
9.5 (b) 44 (53-10 (6 cyls.))
. | | | (20-2 (1 eyl.))
9:5 () | 485 5
50 o)
9+5 (d) , 4-26 -
Concrete? -Spaced Systems
9+5 (e) o 485 , -
- 9+5 (f) 4-85 ‘ 28-50
9+5 (g) 4-85 | 28-88
945 (h) 4-85 ‘ 10
Plexiglas/Water Spaced Systems
295 () - S 45 | -
945 (k) | 4ed | -

a, Neutron relaxation length ~ 12 in,

255



EXPERIMENTAL RESULTS FOR ARRAYS OF HYDROGEN MODERATED U?22 UNITS - HIGHLY ENRICHED

Table 9,20

Three Cylindrical Units at the Vertices of an Isosceles
Triangle - Air Spaced

Reference = ': 17
Fissile Solution : UO;F2 at 537-6 gm U??3/litre and
' 932 wt % enrichment
Specific Gravity 1-661
‘HMUR33 Atomic Ratio 443

8 in, OD, 1/16 in. thick Type 35 aluminium
All arrays unreflected

Cylinders
Array Retlector

These experiments were performed inside a 97 ft dia, x 10 ft steel tank,
No correcticns were made to the results for stray reflection or for the effect
of the feed line

DELAYED CRITICAL PARAMETERS
Spacing Between ‘
Exterior Surfaces Vertex Angle S:;::iogOZ;ight ‘
of Cylinders : a : Base 0
(See Figure 9+6) (See Figure 9+6) :
(in-) ’ (1“.)
0-15 - e® 107
90° 1442
120° 167
3.0 45° 164
60° 22°0
90° 28-1
120° 344

256



EXPERIMENTAL RESULTS FOR ARRAYS OF HYDROGEN MODERATED U%?2 UNITS - HIGHLY ENRICHE

Tzble 9,21

Three Cvlindrical Units at the Vertices of an Isosceles Triangle
in Water '

Reference : 17

Fissile Solution : UOzF2 at 5376 gm U3?3/1itre and 93-2 wt.$
enrichment
Spacific Gravity 1-661
H/U?33 Atomic Ratio 44+3

Cylinders : 1/16 in. thick Type 35 aluminium

These experiments were performed inside a 91 ft dia. x 10 ft steel tank
“filled with water to the level of the fissile solution at critical, (i.e.,
the array was without top reflection). No corrsctions were made to the results
‘for end effects duve to the structure of the cylinders or the fsed line

DELAYED CRITICAL PARAMETERS

Spacing Between Solution Height
Exterior Surfaces Vertex Angle Above Commcn
of Cylinders (See Figure 9:6) Basa
(See Figure 9-6) {in.)

6 in, dia. Cylinders (ID)

0+15 in, 60° 7-0
50° 77
1200 3-0
3.0 in, 29° 9.2
eog 12-3
90 141
120° 142

8 in. dia, Cylinders (1ID)

0-15 in, 60° 547
90° 61
120° 6-2
2.0 in. 45° 66
€0° 7-8
$0° 8-C
120° £-0

257
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CXPMAIANTAL MISULTS FOR ARRAYS OF HYDWOGAH MUUEAATED UNITS ~ HIGHLY EMRIOED
Iahis 222

Flastle Material 1 U0, (N0y ), ot 92-6 wt,% enrichaent,

In Uate oxperinenty the
lotated wear the contre of the
"0 ASLTAINLS veTe Ade with 4 light wecden frase ot
te X over the rge exaeined,

Threz DApeonigoal Bactidineas fattives cf Ovlindrical Uoits o ALL Sedeed

(Yotal nitrate 10a in the sclwtion

linders were held in position on an aluminiue Unietrut freme by bolted lugs,
sttice, ware used M mml wiits and were filled by a resutely orersted systea through polyethylens tubing,

carrespended to an RAYS sieaie ratie of 2°006)
Cylindors 1 20:22 om 0.0, x 19:0% <3 oxtaraal height of 0635 ca thiex Pleziglas and ennulntn; $-000 & 00N} Litrus of fissile selution
Arryy Koflector 1 Located at the sular boundary of the peripheral lLattice cells

Ia the urpr screys 30 mery 8 [ive ¢ylinders
ten

thy spacer, The effect of the additionsl nydscgeneeuc asterial incressed tiw crut;;l spiting by wp

Hed the suppsrt been woodea stalving 1t Ls seld that the incresde In tpacing ney Rowe bean 08 Bch &0

FISSILE SOLUTICN

ARRAY REFLECR®

DELAYED CRITICAL

Spacific Solutinn W Mhickness - . SPACINS RETAEES EATUR JOR REFERENCY S
Gravity of Cencantration Atcalc Aatlo Matazial (ca) SURFACES OF CYLILDCRS
Solutien (go UM 3/11tre) - (em) :
8, (232 x2) Unit Asrays®
. T
1488 - 9 P Unreflected — 1443 23,26,7
Paratita® v 2 »,2
1127 (top and sides) .
iss-u (vase) ; ' 3 »
e , 69 »,n
( 381 (top and sides)) .
(15:2% (bosa) ) 73 n
SLorTe o ] 2
( 762 (top and sides)) "
(152 (base) - ) ”n #
15-24 8-99 25,26,27
Phnlglu. o277 - 300 v”o
(Plexiglas {top md elides) 127 )
(Paratfin (bess)® 15024 ) 3461 25,2
(Plexiglas (top and sides) 254 ) .
(Paraffin (base)d 15°2% ) _’ “ o
(Plexigles (top sides) 4+4S ) .
(Faraffin (bese) rd 15:24 ) K2 s
(Plexiglas (top m uuu) 633 9
(Paraffin (base)d 1524 ) L 25
Plexiglas ( sides) 11443 .3,
fPul!ﬂ.n - g,‘ . 15.2% ; 9 5" 23
Plexigles (up nd sides) 15:24 Y ‘
Pasaftin (base)® 1§-24 ) 9-60 3
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Tabie 9,22 (Cont,) .

FISSILE SOLUTION

ARRAY REFLECTOR

Spazific Solution L REFERENCES
Gravity of (Gm;:g;;atlon) Atomic Ratlo vateriel Thickness SURFMES OF CYLINOERS
Solution oa Litre
1313 - 92 UNreflectsd cmme—ee e aremp 1:8) 25
Parattin® ﬂ;:ﬁ (&;:pu)md sides] L Bl 25
. . ) : ki)
1:08) - “o - ‘ Unre flacted — (sberiticel b gy ~0+3) ]
27, (3 x 3 x 3) a1t Arrays®
1433 - 5% * Unreflscted > 663 8,6,27
Paratfin® 1o 908 3,0
{ 1°27 (top and aides) .
{15:24 (base) yos 3
Y | 136 8,0
381 (top end sldws) . .
13:2% (basa) e s
(77+62 (top =4 sides) .
(1526 (5ase) 1385 #
153 1653 8,6,
Plexiglas 1.7 L 25
(Plexiglas (top and sides) 27 ) .
(Pazaffin (buu)gnd 18:24 ) 934 2
{Plexiglas (top and sices) 2:5¢ o
{Parettin (bess)d 1920 ; 1w 3
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FISSILE SOLUTION ARRAY REFLECTOR e N
Spezitic Solution H/PS ) . - SPACING 82 TWEER EXTERIGR MFERDATS
Gravity of Concentration Atoaic Retio Material Thicknets SUSFACES OF CYLIXDERS
Soivtion (@ Ut¥3/11tre) (cm)
1973 - 92 Unreflected > R 17 25
T
1-08) - [T} PUNES——— 1Y Y0 ® ' ) 248 25
64, (4 x & x &) Unlt A.ruynh
¥ N
158 - 53 - nreflected — 10+67 2%,2,27
1
125, (S 3 5 x 5) Unit Arreys?
T
1+3%8 - 59 PRSI 1] * 7Y  PYI T . — 14740 25,26,27

2, he nua>rs In parentheses are the dimeasions of the arzays

b Oensity 093 gn/cc

expressed in auabars of qan




EXPERIMEKTAL RESULTS FOR ARRAYS OF HYDROGEN MOODERATED U?>3 UNITS « KIGRY DXRIGED

Table 9,23
Linear Arpavs of Sla® Tanks with Laroer Surfaces Facing = Alr Spaced

(Ses also Table 9,25)
Fissile Material ; UO;F,

Slab Tanks 1 47} in, wide, Fabricated in 3 in, tnick Type 25 alwiniue with } in, dla, tle rods at 12 in,
centrus to winimise wall distortion, The volume average internal thicknesses of the three hoainal
3 inch tanks were 3+023 in,, 2:997 in,, 2:997 in, vespectively and that of the nominal & ln, tanx 584 in,

19T

FISSILE SCLUTION DELAYED CRITICAL PARAMETERS
ARRAY REFZCTTR ] REFEREMCES
vrantun | SPectiic Solution WA popacing Dereven | sotuticn mesgne
garlchzent of ¥ Conc:.;n;nnon Atooic Ratio of Tanks Above Corston
\
(w3} | soiution | (58 VP 7/11tre) (1n.) Lase
Two ~ 3 in, thick Slabs
932 - &80 5041 Unreflected 005 12:84 in,* 2
095 16+¢ in.® x
295 ~ &b 22
932 - 481 504 Unreflected 005 13413 in, -4
R 095 1753 in, 22
195 234 in, x*
243 26-27 in, .
(ertrapolatsd
froa 24°7 in,)
Cng ~ 3 in, Thick Slab end One ~ 6 Ln, Thick Slab
- - 76:23 b2 Unreflected 220 3B - 3
15+0 65+81 o E ]
-0 92:48 <= 28
480 11384 e a8
Throe ~ 3 ins Thick Slade « fgually Spacad
- - 7623 b3 of Unsellocted 00 2530 cs) =
19 3:dh e 28
30 58478 o= 28
45 83-8: cat 23
55 107-37 =® 28
60 120440 cn? a8
Thres ~ 3 in, Tulck Slads -~ Tws $lehs Adiscwat
- - 76+2% n Unroflected 00 %8 E
(Slabs 1, g
od Jezent
60 4503 n® -]
12:0 9833 E
(siaa 1, 3
adismant)
130 9% & a
(Stera 2,3 : '
#djscont
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FISSILE SOLUTICN

CZLAYED CRITICAL PARAETERS

REFERENCES
Cranfue Speciflc Solutl MRAY REFLECTCR Spacing Between Solution Hetght
£ Tan Gravity elution HAI? Exterlor Surfaces Above Cot3on
arterrent { Concentration tonle Ratl { Tancs Base
(ve.t) ° Cn U 1iere) Atonle Ratlo o
Solution
- - 76423 an Wreflected 120 58419 ¢a® 28
18 6830 cut 2
Y40 86469 ca - |
(Sledbs 1, )
adjacent)
93:52 ¢
X0 {Slabs 2, 3 28
ad Jacent)
30 8311 ca 8
One ~6 in, thick Slab with Two ~ ) in, thick Sladbs Equally
Spaced elthar ¢ide
- 76428 k3 Y Unref{lected Q0 19:6) 2» 28
100 {425 o 28
200 6256 <a 28
2.0 8156 ¢a 28
e ~ 6 In, thick Sladb and Two Adjecent ~ 3 ia, thick slabs
932 - 254 Larger 1:94 400 in, 2
Surfecy of each 6°0 9:19 in, 22
slab reflected 1194 10:13 in, >
by 6 in, witer 2180 10+88 .in, . 22
(See Figire 9¢7) 75 1125 in, 22
332 - 325 Larger 1494 8:59 in, n
Surface of each 584 1005 in, v
sladb reflected 1194 11413 In, 2
by 6 In, water 2380 12419 In, 2
(See Fig, 9:7) :
- 76428 37 Unreflected 20 254 e 28
60 RN 28
150 4483 ca 28
20+0 %27 cn P2}
X0 5972 ca 28
48+0 73:23 ¢n 23
660 82:12 ¢ 28

a,
b,

Ttase expericants were performed inside o 9} ft dis, x 10 ft steel tans
Subcritical 1 1s sald to be probably subcritical at any helght




EXFERIVENTAL RESULTS FOR ARRAYS OF HYDROGEN MOLERAIED U?Y3 (NITS - HIGHLY ENRIOED

Jable 9,24

Lirear Arryss of Sleb Tanks with larjer Surfaces Facing, in Water

(Includes additional expericents with water partially replaced by other materlals)
Fisslle Material ; VOF,

Stad Tanks 47', in, wide, Fabricated in ;- in, thick Typa 25 sluriniun with ,'; in,b'dh,

tie rods at 52 in, centres to minicise wall distortion

Tre volumt averazed internal thicknesses of the thres noainal ) 14, tanks
2997 {n, respectively, and that of the noalnal

were 3°023 §
6 {n, tanx §

a,, 2377 in,,
84 in,

Trhese esperivents were perforved inside a 9; ft dia, x 10 ft stee! tank filled with water to the level of the
fisstiie soluticn at critlcal (i,e,, the array was witrout top reflector)

FIiSSILE SoluT!icN CILlA:20 CRITICAL PARMETERS
- ) . REFERENCES
Lraniw Jpeciiic Solution H/u1s (TN fetmen | solution Helgnt
Enrlcreent “”3; Y Concentration Atoste Ratio | .o}“;m::‘ Above Cormzon
1) - 4+
{we.¥) Sclution (g W17 /1itre) “(1n,) Base
Two 3 In, thick Tanks
>
w 132 - - 501 N4 - 22
3 2
é S22
10 2
12 22
15 22
. - 76428 I 00 2293 ca 22,28
10 2455 ¢ca 22,28
20 32:08 ¢a 22,33
30 L2111 cn 22,28
) 65410 ¢a 22,28
20 30:3) en (8) 22,28
&0 "587:07 ¢ea (b) 22,48
) 86:C6 ¢a (¢) 2,28
Three ~ 3 in, thick Teaxs - Equally Spaced
- - 7628 37 0-0 17432 ¢en 22,23
140 191) ¢ 22,28
3-0 3292 ¢a 22,28
I3Y 61405 ca R,28
5% 11168 72,28
68 Kot criticsl 22,28
"Ny s
One ~6 in, thick T2ak and Two Adjacent ~ 3 in, thick Tanks
9318 1+103 00876 29 3 790 In, 9,30
[} 7493 in, (d) 29,20
121/6 874 in, (¢) 2,3
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Iable 9,24 (Consy,)

Rater between slab tanks partly dlsplaced by a 1 in, thtct x 48 ln. wide x 12 In, high Plexigles
plate azainst sack tanx (sea Figure 9.8(s))

Water Letweon slab tanks partly displaced by a 1 in. thick x 48 in, wide = 33 in, high Plexiglaes
ptate agilnst each tank (see Figure 9,8(a))

Reflector water partly displaced by t in, thick x 48 in, wide x 22 in, high Plutgln plate
aaalnat the outer turface aof each tank (ase Floure 9.8(Dd))

#ater between slab tanks displaced by Styrofoam, & foan llke fore of polyliyrtho. stomic
cosposition CH, density 0:028 gn/cc, The bubbles duuib\md hoxageneously throughout Styrofosm
are spparontly_elosod since it ls sald not to absordb water,



s9Z

EXPERIMENTAL RESULTS FCR ARRAYS OF HYDROGEN MODERATED UNITS « ﬂléﬂ.Y ENRICHED -

Table 9,28

Tug Slab Tanks with Larger Surfaces Intepazting throuah Plexial t

Reference ; 29, X

Fissile Solution » UOsF2 at 87+8 oo U2/1itre and 93+18¢ enriciment
Spoci!‘c Gravity 1108
H/U??3 Atoaie Ratio 29).

Siab Tanxs 1 48 in, wide, Fabricatad in } (n, thict aluinlue
Array Refisctor : All arrays muﬂuud.

Trhese experizents wers performed with one 6 in, wide nnk %Mnxnnq with tw 3 in, wide tanks
pisced in contact to siculate » second 6 In, tank

=g oar n WTIIN ASlEHT
MATIRIALS SEPARATING 2 ors Aegqrens e
THE TAUKS . ASvE ?‘.‘:‘1 )..' E.L):

Tarks Sprced 6 .1n, Apart

Mr‘ Spacad R A RY 7]

Styrofos® 12014

Tanxs 5pac00 12 in, Apart

v

Az Spaced . 1460
05 in, of Plexigles centered betwesn 14-26
tanks (see Figure 9,9(2)) . .
10 in, of Plexiglas centered between 13:7%
tanks (see Flgure 9,9(4a)) ‘
1:5 in, of Plexiglas contersd between 13-
slabs (see Figure 9.9(a))
2:0 in, of Plexiglas centered between 14:3%

tanks (see Figure 3,9(2))

0°5 in, of Plexigles oqsinst tnner
surface of each tank .
(see Figure 9.9 (b)) 12:28

1:0 in, of Plexig'ss sgaingt inser
surface of sach tank (see Flgure
9.9 (b)) 11-75

Tanxs Spaced 12:1/6 in, Apert

Alr Spacad 1458

Styrofom® 14021

3, Atealc composition Oi, density 0-028 gm/cc
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EXPERIMENTAL RESULTS FOR ARRAYS OF WYDROGEM sODEAASED U9 UNITS . WIGHLY EXRIOED

. DRie 8.26
!ﬁ ﬂﬁ If“-i lg [ [-14 L mmgn; - A“ iiﬁ!ﬁ

Reference s 22

Fissile Solutton 1 UOF; at - 9o U*2%/l1tre and 93:2 w8 eorichesat

. Specific Gravity
HAB3Y Atomic Ratio :

Slab Tenxs : 47} la, wids, Febricated §n § ln. thick lype 25 slusinlue with } In, dia, tie
roé. at 12 in, centres to miniaise mall distoreion, The volume averaged
internsl thicknesses ¢f tre three noalnal ) In, tafcx tanks mere )+22) In,,
2:997 in,, 2°997 in, respectively and thst of Ne nceinal & in, tank 584 in,

Arrey Metflector @

All arrays unreflected

DELAYED CRITICAL PARAYETERS

Spacing Batween | Solution Height

tra Two arms of Above
Sach Assembly - |- Base
in,) - {1n,)

gon 3 in, thick nd one 6 In,
b

30 : 3.5
9-0 378
140 20

e 3 in, thick and Ong 6 {n,
hick Tank {n L Sha
See Figure 9,10 bs;

0+ .m0
640 [7e113
T n, thiek Tanks
T Sha Co
TSes Figure 9,10 (c))
20 180
9:0 T 2648
19°0 330
210 333
245 N T3
) in, thick Tan i
L sh See Figurs 9,10 {d))
10 L
65 232
120 308
145 . 315
X5 30249

s, One 6 in, thick tank mocked up with two
adjecent I in, thick tanks -
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EXPERLMENTAL RESULTS FOR ARRAYS OF HYTROGEN MOOERATED U3 wMITS » HIGLY amo@

n

t ] ~ thick

. Reference ; 22
Fissile Material ¢ UO,F; at 93-2 wt,$ earichesnt
Cylinder ; 1/16 in, thick Type 25 sluminium

Slad Tenk 1 47} in, wide, Fabricated in

X -

§ in. talck Type 25 alwainfus with i W,

thick dlq, tie rods at 12 in, centres to minimise wall distertion,

Voluse aversged intemal thicknass 5:84 in,

FISSILE SOLUTION

DELAYED CRITICAL PARAMETERS

specific Solution Hpt? -ARRAY REFLECTOR Spacing Batween | Solution Helght
G - Cylinder and Above Coamon
ravity of |Concentration Atomic Slab Tank Base
Solution | (gm U*2%/1itre) | Ratio (ina) (in)

- - M tnreflected (sse Figure 9,11 () 5 12+0
65 18+5
12+0 22+5
18:0 265
x -0
42 35-0

- - N Cylinder wall roflected by a half shell 625 10+56

of water 3} in. thick and larpe suxfece of 121§ 11425
slad by 6 In, water (see Figurs 9,1 (b)), 1813 11486
Base of bath units reflected by 3y in, 30-00 18
water,




EXPERIAENTAL RESULTS FOR ARRAYS OF HYDROGEN MODERATED U2 UNITS - INTERMEDIATE AD LOW ERRICHMENTS

Iable 9.2¢

Wow Wix

fa) [

References 33, X

" These exgerisents ware performod with two identical paralleleplpeds of constent, 8 in. x 8 in, faclng ares and

varisble helght,
" (density 0-919

All except the fecing sres of bo
ec).

th parallelepipeds ware reflected by 8 In, thick polyethylene

OELAYED

FISSILE MIXTURE

MATERIALS SEPARAT ING THE PARALLELEPIPEDS

CRITICAL HE KT

3 L] y 333 . : . ,
Density o'.’:-u Composttien (107 ouclet/ec) :{:u ‘Material “‘2::"‘,‘" ?‘;;:3 pumgfspwens
(y./ccs U3 IHydrogen | Carbon] Cxygen | Ratio ViR ) (in.}
- 0-608 {0-155 614 | 305 f1-0s | 3s9f . ar - ®IL - 346
' (see Figure 9,12(a)) .
0-38 4-00
1+78 550
383 675
infinilte . 84y
- 03 fo-0848 | 6-92 | 343 {o-s7¢ | #16 NL 3-05
09 400
1.8 450
2417 5-00
3-95 6°00
Infinlte 75
- 0-608 {0-1%5 614 305 § 105 3359 { . Polyethylane 144 0919 . 400
. (ses Flgure 9,12(b))
‘ 1.80 450
2.7 5:50
iafinite 6-92
- 0-331 jOo-0848 692 )43 | O-5% 816 0-35 3-00
1-06 ')-m
1-32 3:25
153 350
1-94 4+00
23 450
2488 5-00
Infinite VI ]
- 0608 10-158 6414 3.05 | 105 359 | polyettylene/Cadnium | 0-23 * | 0-919* 5.00
(see Figure 9.12(c)) ’
o-51* . 5450
Infinite® . 796
- 03N Jo-cacs 652 3-43 ] 0574 | 81+6 o * . 4-25
023 * ¢ 4*50
o-52 * ¢ 500
- 0-¢08 0155 614 308 | 1-0s 359 | Polyothylene/alr 203 0-919* 5-00
{see Flgure 9.12(4))
392 . 5-50
- 0-331 |c-08t8 6-92 383 { o8] mes 1e3¢ ¢ 4-00
23 * 450
362 s 5-00

a.

Ralars to polysthylons ealy,

268
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DPERUENTAL RESLLTS FOR ARRAYS OF HYDROGEX MODERATED U? WMIT3 « INTERMEDIATE AND LON DMRICGOENTS

JIakle 2.2

1:42. 250316 § Enpiched U War Mix f - HAS
(see alsc Tadle 9,30)
Referencs 3 35

Flssile Hixture  Dsnsity
Uranius density 2°5 gn/ce

Tinse sxperisants were parforsed with two identical parallalepipeds with facing areas dafined by the width and helght sessvre.
pants q}u;. in the Table. Ail except the facing sides of both parallelepipeds were reflected by 8 in, thick polyothylens (dsasity
0+92 ga/cc), .

1n o set of oxperiments the dlsentions of the faclngy aress Iamainad constent and the thickness of the parallelepiprds wsr
increased with incraseing separation; 1n & second ret of experirents tho bare uels ressained constent and the helght wea vicled,

DIMENSIONS OF PARALLELEPIPELS LELAYED CRIT;S
SPIC ING EEZTWEEN
PARALLE LEPIPEDS
Width Halght Thickness :
(ca) (em) (cm) (ca)

Constant Facing Ayt

924 92+3 453 0-000
2'2 . 0533
2

847 . 0-998

487 1+443

513 29

53-9}. ©2:7h

25-2 893

' KJ

&7 6+541

T8 84

57 10+383

Coiatont Boso Aross

b1 906 92+) 0000
913 0254
923 T 0-KR
93-8 0742
934 0954
889 . 1811
109-2 273
1169 3:5%

9, O parsllelepiped of elther thicinsss



EAFLRINGLTEL hiGULTS FOR ARKRAYS OF HYDRLEN MODERATFED U%22 UNITS - INTERMEDIATE
A‘D ~1n0 c‘P J‘(“‘J

Tgble 2.}9

1:42 atomic % Enyiched UFéépargffin Wax Mixture in Two Rectilinear
ggzallg‘gg;pﬂdz = H/U Atomic Natio 420, Various Refiectors .

(see also Tabis 9. 29)

Reference 3 36

Fissile Mixtyre ; Density
Uranium density, 25 gm/cc

' These experiments were performed with two identical parallelepipeds measuring
925 cm x 95°1 cm x 46°25 cm with 92+5 cm x 95°1 ‘cm sides facing, Both parallsle-
pipeds were reflected on all sides by 8 in, thick polyethylene (density 0:92 gm/cc)
except for the facing sides and one 92:5 x 4625 cm side of one parallelepiped,
which was reflected as indicated in Lhe Table

REFLECIURA£22E5¥85§§ gR$§§CING TABLE DELAYED CRITIC&L
SPACING BE TWEE™
Thickness | Density | FARALLELEPIPEDS
Material 3 ’
: (cm) (gm/cc {cm)

Mild Steel 1427 97-83 - 0-389
2-54 0-483
3-81 . -0+582
5-08 | 0643
7-62 0681
Polyethylene 127 0-92 0+478
254 0+594
5+08 04732
. 10+16 ' 0757
15-24 0775
20+32 - G775
Water ' 254 1-00 0547
L 5-08 0617
762 0-660
10-16 0663
1524 0-673
Ceancrete - 21-6 23 0-815
Jabroc 3-8 13 0-663
{ a wond product) 540 0-780
984 0-848
184 0-856

270



Table 9,30 (Cont.)

REFLECTOR {SEE NOTES PREFACING TABLE,
ALSO FIGURE 9.13)

DELAYED CRITICAL
SPACING BE TWEEN

Matérial ‘ Thickness Densitw‘ PARAUEIEPIPEDS

(em) | (gm/cc (cm)

Plimberboard 191 076 0417

{a wood product) 3-81 0-554

5:72 0-638

7-62 0-711

11+43 0777

1905 0+800




EXPERIMENTAL RESULTS FOR ARRAYS OF HYDROGEN MODERATED U?2? UNITS - INTERMEDIATE
AND LOW ENRICHMENTS

Table 9.3

1+42 atomic % Enriched UFs/Paraffin Wax Mixture in Two Paral‘elepipeds -
H/U“5 Atomic Ratio 570

Reference : 37

Fissile Mixture : Density 3-25 gm/cc
" Uranium density, 215 gm/cc

Trhese experiments were performed ‘with two identical parallelepipeds of
constant 92:2 cm x 927 ¢m. fac1ng ‘area and variable thickness. All except the
facing sides of both parallelepipeds' were reflected by 8 in, thick polyethylene
(density 0- 92° ‘gm cc)

" DELAYED CRITICAL PARAMETERS : °
- Thickness of " Spacing Between
Paralleleplpeds Parallelepipeds
(em) (cm)
4845 0-000
48-9 0-257
51-4 1-199
53+9 1-814
6146 3622
69-3 5497
771 7-976

272



EXPERIMENTAL RESULTS FOR ARP:¥S OF HYCROGEN MICIRATZID U?P3 (NITS - ISTZAMEOWATE AND LCKM ENRIQHMENTS
' Table 9,32

IeL8 wt € Enriched 110,F, Solution §n Twy 'dentical £:09 za Thiesk Slab Tanky with !
Larqey Surfaces Tazing

Reference : X2
Slab Tanks ; 120 ea wide

Array Reflector 1 The outer large surfaces of the slad tanks were
- in al) cates reflected by thick polyethylens

"FISSILE SCLUTION ZZIAYED CRITICAL PARAVZTERS

Mickness of | go1ai0n Helgnt

< .
Shecific Solutien WL
. [% Vaterlal
Sravity of [Concentration f . Above Coraon
Solution (gz U/1itre) Atozic Ratlo "2::::“9 Base
J fem) {ca)

€42

Alr Spaced Svsters

- - 130 327 9
: C ALY b7
1405 &3+9
1943 411
2+ 54127
2418 553
- - : 214 014 76.2
' 0438 777
C-65 82475
1:0) 8878
10 934 -
1047 %6

Mild-Steal Spaced Syste=s

-. - 1% 013 52:95
' 0:77 52:85

Stainless Steel Spaced Systers

- - 120 0-1) [ N
9:3) b3
0+50 4875

07 508

Alueiniy: Spaced Systers

- - 130 0-33 bh:s
: 0+6) ’ 456

0497 9

12 A7-7

160 ! &3+C

193 50°1

7 5445

347 558
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Table 9,32 (Gon3 )

FISSILE SOLUTION

DELAYED CRITICAL PARAETERS

Thickness of
Specific Solution 9y Solution Helght
KA Matertal
Gravity of Concantration Above Cosmon
Solution (o V/litre) Atoeic Ratio &pc;:::q Dase
(cm) {ca)
Besxettylens S0ased Syaless
- - 130 ' 27 JTITN
- &2-2
1 433
147 459
2-52 522
2478 - 5644
- - 214 016 Tat4$
0-30 - Th-2§
0449 C 7520
097 . 80428
1-30 8255
143 9645
2esa0ex _Spised Systensy
- - 130 0+68 2.9
1.9 &bt
20 46478
3ne 50+
3.2 5615
Sancrese Spaced Systess
- - 130 260 4915
507 58425
Jaoroc  Spaced Sygtess
- - 120 08 &2-9
3 1 ‘60 h.?"i»
- 27 ~d
313 £3:24
Beyroc b Speced Systens
- - 1 { 2-03 49475
cech Spice.
- - 10 1217 45:25
2 471 -
3:43 H5
4+5) 543
- - 24 - 117 8385
2+33 91430

a, Jabroc is a wood product

b, Weyroc is 3 wood product
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EXPERIMENTAL RESULTS FOR ARRAYS OF HYDROGEN BODERATED U2?3 INITS - INTERVEOIATE AND luvmumum

Iable 9,3
30:37 wt $ Enriched UD,F; Solution in Two Identical =~ 3:¢ in, Thick St g 1!3 3 ) h Larqer Surt g !g ggmg

Reference : n
Fissile Solution; Concentration
Density 14355 ¢n/ce
K/UT?% Atoaic Ratio = 212+4

Slab Tanks: Material, Stainless Steesl

Wall thickness, 019 in, (larger luxlun), 7 in, (s1des and base) -

Dimnsions, Helght & ft (extemal)
width 4 ft {extemal)
Thickness J 35 2 0°02 ins and 3 ‘ 2 002 ins (1Mornll) f5>r the two tanks
respectively by both direct measuresent and voluse calibration, The ’
front faces of the tanks buiged slightly at the centre: when the centres
were in contact there was 3 Qap o! 0:5-0:7 ¢n between the -d-qu of the
tanks

All the corners of the tanks were rcunded on s radlus of 2 in, and ths btu
of sach taik sloprd domwards at an angle of ataut 1° to the horfzontal to
one corner at which fissils solution entered by a \, in, dla, stud pipe

Eech tank was aquipped with a 1 tn, a,d., } in, 1.d, sparge pipe dipping down to the
bass of the tank, 8 in, off cedtre, sad with s sight glass and tcale

Thase expericents were perforned with the slab tanks bolted to supporting frasewsrxs above » horizontsl steel hblo
The distance betwcer. the centre of the external base of each tank and the table top was 11:7 in, ’

Results were obtained with thres different reflectors against the outer largn surface of esch tank, (a) 8 tn. graphite (denst:y 1465 g/ce),
(b) 8 in. polyethiylens (c) 9 in. concrete (A.E.R.E., U.X.A.E.A, Spectfication No. 338, lssue 4, sade from clvan graphite aggregate

density 2+3 gras Der cc). Two 8 in. square x X0 in, square x 3O in. blocks of graphite lying hnqth-uc II-IY from ths tanks had to be

Usad at one corner of each tank to complete the graphite reflector (vwe Figure 9.14)

The Reflector behind the 3:4 In, ’ank rested on & frazewark with the lower edoe level mith the base of the tmk. T
reflector behind the 3:3% in, tank extended 9-4 co belom the exterior base of the tank and restad on an & in, square x
A8 In, block of po.yethylene placed 2n the table top, Tne graphite and polyethyiene reflectors covered ‘%e width of the
tank with no overlap st the side edges but the concrete reflector projected 3 in, at elther side, The heights of the
various reflectors sbove the internal base of elthir tnk were;

. K 3:38 in, Isnd
Craphite ' 1407 ¢ 964 tn
Polyethylene 6 ft 6 1t
Concrote 1507 & - 15047 ca

¥here tho tanxe were sspitated by & materiel sediun this extended 94 cc balow the external baste of each tank end rested
22 an B in, thickness of polyethylens placed on the teble top and extending undar the 34 In, tank (sae Figure $+14),

T™he cadlum cladding ured in soms of the expaciments wae O-031 in, thick snd covared the fnner larje surface of both taks,
extending froa ¢4 co below the external base of the tank to 507 ¢d or 112:6 ¢a sbove the Internal bese, whichever was mors #ppropriate

VATERIALS SEPARATING THE TAVKS (SEE A’50 NOTES PREFACING THE TASLE) | oetavsn criricat
Above SOUJT 1O HE{OHY
raturisl ?;:2:., Bass Overl:p Elthar Thickness Mll!x ABOVE COMMON
“of Eithar Tank Side of Tanks (1n.) (ga/ze ?ﬁil_
§.4n, Grephite Peflected Systery
Atr - - Nil - 9:C&
| 104
] 117
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Iedle 2.2 (Ceatu)

WMTERIALS SEPARATING THE TANKS (SSE ALSO KOTES PREFACING THE TASLE)

DELAYED CRITICAL
$SOLUTION HE ICHT

shield, Barytes concrete

I““’Ml‘:“" Ovetlap Elther Dengit DO\:&
Materlal ;;‘:;’;,‘_" Yo | Sioe af Teaxs hicknens (e
(ca) (in,) (1n.) (1n,)
$ et
& 169
[ } 198
10:6) 243
12-35 - 254
130 260
1563 29449
©17.9) 33:0
20-68 80
wild Stee) * 50+ Y1 M) 77 - 10012
. 188 1102
3 1240
§48 1344)
1078 1496
Polysthylene 1134 i 052 093 9°5
yothy g 104 106
33 179
5ol 256
623 748
8- %0
. 101 308
Polyethylene/Comiun ° M1 st N1 0493 10498
. 1406 . . 18.08.
(Excluding Caduium)
2417 3417
{Excluding Cadmiw)
-Concrete 558 ] 10 2.3 9.7 ¢
22 1005 ¢
43 12:% ¢
65 I TSD I
86 16:3 ¢
10+8 17,9 ¢
130 194 ¢
162 2044
Concrete/Cadeium 558 s 1408 23 1232 ¢
{Excluding cadaium) o
2496 - 1347
(Excluding cadalum) 4
Y 17.01
(Excluding cadmium)]. 4
648 22 ¢
(Excluding cadaium) a4
1116 - 2925
(excluding cadniwm) ' P
1332 X858 °
(Excluding codalum) .
Righ dentity v ray 506 s 8.8 36 17.08
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Tahle

MATERIALS SEPARATING THE TANKS (SEE ALSO NOTES PREFACING THE TABLE)

OZLAYED CRITICAL

SOLUT 10N HE TCGHT
Holght Above
Materisl Internal Base Overlap Either “ Thickness o.nm} m‘w)'.
i of Either Tank | Side of Tenks (ga/ce '
(ca) (3n.) (in;) {in,)
Jabroe * 11104 8 0463 1-32 93
1.8 11N
Lol 1626
654 04)
874 ‘28
1083 - 2h6+06
Jabroc/Cedmium ¢ 116 [ 0+6) 1-32 13419
(Excluding cansium)
1-97 20-6)
(Excluding cadmius)
264 F>24a)
(Excluding cadmiw)
2N
{Excluding cadmium) 2838
Beechwood 1114 8 102 072 960
2:8) ’ 1154
" heBb 1477
6-69 174
8+58 A2
1067 227
13-54 247
1646 . 2594
19:9 2% +83
Beechwood/Codulus 1114 8 102 0:7) 1)-58
(!:cludu‘tg cadnlum) .
g 007
(!uludlz cadmive)
3 2598 -
(excluding cadnium) :
472 N
(Exclucing cadnlum) .
[ byl e
Alr - - Nil - 1138
2*0 1633
4% N
73 3378
8+5) O34
10+0 L8-86
10-07% 4545
Sin, Concrate Reflected Systemy
Aty - - ul - 10°4
a 14°2
4 18C
619 225
89 - 1L
9’9’ N
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Takle 9,20 (Conta)

MATERIALS SEPARATING THE TANKS (SEE ALSO HOTES PREFACING THE TABLE)

relgnt Above

Ovarlep Elther

BELAYED CRITICAL
SOLUTION HE JOHY

. Intermnal Base Thiczness Denait ABCVE CCaN
Material of Fitrer Tank Side of Tenks (ga/ee BASE
(cm) (in,) (in,) . {in.)’
9 in concrete 507 8 "Og 2:3 11438
@16 BYL )
&)2 150
6048 1963
1507 ‘N - 8 -10-08 2+) 764
(not uniform) e )
12-24 a0
144 3344}
1656 350

8. BS 1S Ko, 1 Quality, density 7:87 -gs/ce
b. 0+6 c» thick aluminius plate next to-fece of 3:35 in, tank
c.: Graphite seflector height 93-7 cm-above  Internal base of elther tanx
d., Graphita reflector haight 93:7 ca dbowe ‘intemal base of elther ta

e, Jabroc 18 » wood product, the aatarisi used in these sxperisents was
the high density Type N

f. Polyethylene reflector helght, 60-4 s above- intamsl base of. tank
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EXPERIMENTAL RESULTS FOR ARRAYS OF UNITS OF DIFFERING UMY MATERIALS

Table 9. 24

2!2!2(') Arrags of Four

Arrey Reflector: All ;niyt airespaced and unreflected

These arrays were formad by bringing tegethar one half.of each of two d'‘ferent critical lattices of a(am)"’

cylinders along & comron horizontal centre line until their cell boundaries coincided,

described in Tahle 3,2 and tha solution lattices in Tahle 9,23)

{The metal lattices asre

METAL LATTICE SOWUTION WATTICE
Cyllnder Spacing Between L/ aroate Spacing Betwesn REACTIVITY OF COMPOSITE ARRAY
Vass Exterior Surfaces Ratio in Sulutlon Exterlor Surfaces
(ko ) of Cylinders of Cylinders
20960 2:248 o 59 1443 ca ¥ore than ons dollar subcritical, appumi source
: neutron aultiplication ~ 20
Arcey eade critical by reducing tha tpacing -
between tha metal cylinders to 1:689 ca
21+0C8 1466 ¢cm 59 144) ez Vore than one dollar subcritical, apparent source

neutron sultiplication ~ 20

3. This denotes the dimensions of the ‘arrsy expressed in nunrvrs of cyllnders




EXPERIMENTAL RESULTS FOR ARRAYS OF UNITS OF DIFFERING U223 MATERIALS

Table 9,35

Slab Tank of 30°45 wt.€ Enriched UC,F, Sclution Interacting with.
Rectilinear Parallelepiped of ‘142 atcmic % Enriched
UF4/Paraffin Wax Mixture

Reference : 38

UO,F2 Solution : Specific gravity - Specific gravity
Concentration - UF4/Max Mixture : U??% density -
» ' Density -
H/U?33 atomic ratio, 112 H/U?3 atomic
‘ ratio, 572
Slab Tank : 6-09 cm thick, 120 cm wide  Parallelepiped : 61+6 cm thick,
123 cm wide

The experimental arrangement is shown ln Figure 9.15

DELAYED CRITICAL PARAMETERS

Thickness of Height of Fissile
Material Separating Units Above
‘Fissile Units Common Base
(cm) {cm)
Air Spaced Systems
0-25 - 63-7
0-58 64-5
1-12 671
224 722
3:34 774
555 877
7-85 98-0
10-32 108-4

Mild Steel Spaced Systems

0-69 IRy
1-98 . 91-0

Stainless Steel Spaced Svstems

0-58 75

Polyethylene Spaced Systems

0+64 €16
2-70 764
4edd 1084

280



Table 9.35 (Cont. )

DELAYED CRITICAL PARAMETERS

‘Concrete Spaced Systexs

2-70
8-56
1143

708
G927
106

Jabroc a Spaced Syctems

405
492
6-73

7441
8t -1
105-8

a. Jabroc is a wood product,

281
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EXPERIMENTAL RESULTS FOR U®?? FUELLED. DEUTERIUM MODERATED LATTICES

Reforences
Fuel Rodss

Lettice Types

Moderator/Reflectors

These experiments were performed with the fuel rods orientsted vertically in & 2057 ca dis
tank of heavy weter, saintaining the cross-section of the core as nesr circular as possible,
The fuel rocs were supported in three sluminium metrix pletes perforated with 0°794 ca die holes

Table 10°3,
o, Mixture Fuel *2 wt € enriched urenium

1920 20 4o

Assembled by stacking fuel slugs in @ 0°/87 ca 0D x 1575 ca Type 28
aluminiue tube sealed ot either ond by ¢ brased in slwminium pita
Two types of rod were useds

1 2

11
%usm. 2465 15-00
CLADDING
THICKNESS 0-089 ca 0034 c»
EVELLED SECTIONS 152064 cm 15240 cm
WEICHT OF FUEL 57-2 o= 434:6 om
QXYGEN CONTENT
OF FUEL 12215 mt ¢ -
Hexagonel

97°0 - 99°4 wt € D20

on 8 0°933 cm hexagonsi pitch and themselves supported at the edge by rods connected to & 0°95) cam

thick aluminium bese plate,
the bese of the tenk,

Four control rod guides situsted et the corners of s centrel 61 ca

section of the lattice each weighed 169 kgm and were formed from 0<318 ca thick ASTM Type
sluninium sheet bent to the shape of & 1°27 ca wide cross-shaped channel, span 267 ca. The results

recorded in the table all refer to systems with the control sods withdrewn and the guides filled

with msoderator, control being exercised by varying the moderstor level,

The bese plate rested on an sluminiua supporting structure 3O ca sbove

CORE DELAYED CRITICAL PARAMETERS
Mod
i | ot | owmret | o | i |,
Rods) (cm)
[Wl)’ = 2463 FUEL

12906 665 - 150-88 -
&8s - 14540 -
6as - 15913 -
%S - 132:84 -
s - 135-08 -
"s - 13309 -
803 - 123-53 -
67 - 115.95 -
- 11108 -
926 - 110-0) -
- 109-0 -
- 10470 -
1009 - 103+ -
1526 - 16274 -
2-859 325 - 148-22 -
325 - > 157 -
35 - 13379 -
75 - 12520 -
35 - 132-21 -




Isble 10,1 (Cont'd)

cone DELAYED CRITICAL PARAMETERS

Lattice DA®?? Atomte thasber of ('.'&‘?w'iz‘a

Pitch Ratie Rods Core Dismeter Fuelled Section of Moss
(cm) Rods) (cm)
™A = 2465 B,
405 - 11581 -
& - 1185 -
&6 - 103-70 -
3812 - 257 . 15897 @ -
266 - 14761 -
- > 178 -
28) - 137-08 -
- 12935 -
29 - >178 -
M - 148-74 -
3 - 143-66 -
s.Nne - 1082 - 10433 -
39 » 1€

1906 - S - 132-97 -
366 - 123-08 -
A - 10458 -
495 - 9016 -
593 - 8% -
67 - 78 -
2:059 - 163 - 150-81 -
1% - 11347 -
3 - 72:38 -
429 - 5973 -
302 - 19 - 12732 -
163 - 103-05 -
%7 - 72719 -
s-ne - 1% - 13715 -
147 - 122-10 -
176 - 10358 -
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EXPERIMENTAL KESULTS FOR U3? FUELLED, BERYLLIUM MODERATED LATTICES

Jable 19.3
10 wt€ Enriched UsOg Fuel

" References s

Fuel Rodss . Assesbled by packing UyOg powder into the annular spece
between two concentric stainless-steel tubes 134 cm dia
x 0-02 ca wall-thickness and 0°9 cm dia x 0-04 ca mll-
thickness respectively, Weizht of Us0g per 96 cm long
’d' 2“ g,

Lattice Types 10-7 x 6°4 cm rectangular unit cell with a 17 cm dia
channel at the centre surrounded, at & radlus of 2 cm, by
six 145 ca dis channels. All seven channels were avail-
able to fuel rods.

Moderators Beryllium metal,

These experiments were performed with the fuel rods oriented vertically in a 104 cm dia
ventical cylinder of the beryllium (weight 1200 kgm at the maximum height of 96 ca), consti
tuting s total of 128 unit lattice cells. The cylinder was also penetrated by 3-1 cm dis
horizontal channels in & rectangulsr 107 x 8:0 cm lattice. When not required for other
purposes (see Table) all channels !n the beryllium cylinder were filled with graphite slugs.
The core wes unrefiected axially except for a thin steel supporting plate.

0. OF FUEL VOLUME RATIOS ATOMIC RATIOS DELAYED CRITICAL FARAMETERS
NIT CaL ) N R e e R D(i::;::er ns:;;t 2:::
(cnm) (ca) | (kgm)
ZpRy” SYSTDMS
4 312 463 NIL 80-8 96 504t
104 9% | s
] 2486 537 NIL 750 9% 586
' 104 83 |10-70
6 2075 255 NIL 73+0 9% 6:66
104 8 |11
7 1777 13 NIL . 750 9% | 826
32T WITH CENTRE OF EACH FUEL ELEMENT FILLED WITH WATER
4 3n2 401 72 63-0 96 3N
104 % | 72
s 2486 273 72 56-8 96 336
104 67 816
6 2075 1% 72 52+4 96 342
04 63 830
7 1 13 72 492 96 353
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0. OF FUEL VOLUME RATIOS ATOMIC RATIOS DELAYED CRITICAL PARAMETERS
RODS PER Core® Core y»”
WIT GELL | 3o/uy04 | /U508 | Hi/Us08 | Be/t??® | u®®® | W™ | Disseter Helght | Mass

(cm) (cm) (xgm)

WW’
EILLED WITH WATER i

4 2 202 | %2 614 104 378
% 77 | 720

s 2%86 13 208 564 106 362
106 @ 758

6 2075 8 186 536 9. 3.60
106 57 751

? "7 NIL 170 50-2 9% 3.6

8. Calculsted on an equal sres basis, the cross-sectional sres of the core being teken as the product of the
unit cell azes and the mmber of unit cells :

b, The water in the horizontsl channals was conteined in 30 ca dio x O+1 cm well tﬁlcmu aluainium tudbes
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EXPERIMENTAL RESULTS FOR U239 PUELLED, CARBON MODERATED LATTICES

Isble 10,9
20 wt § Enpiched Mete) Fyel
Refezences 6.
Puel Rodss 8 ft in lengthy sssesbled by stecking hollow fuel slugs in 8 0-04 in, thick

wlled sluminiua tube, The slugs were 1026 in, 0D, 1.730 in, 1D x 12 in,
anc were cled §n 0-00) §n, thick nickel,

Lattice Types Hexogonel,

Moderstor/Meflectors Union Carbide Co, Ltd, AGOT graphite,.(density 1.70 ga/cc, 2200 §n,/sec,
sbeorption cross-section 4-07 mb),

These experiments were performed using o 12 ft die (across flats) x 8 ft verticsl, dodeconsl
cylinder of grephite sssesbled from hexagonsl prisms measuring & in, across the flats, The fuel
z0de were inserted into 1:937 in, dismeter holes drilled sxislly through sppropriste prisms, For
esch core the rods were losded in successive tric hexegonsl rings, thus meintaining the
core cross-section 8s nesrly circular ss possible, The core wes unreflected exislly except for o
supporting steel grid-plate,

CORE DELAYED CRITICAL PARAMETERS
Lattice Pitch C/Fuel Yol C/u?II Atoms &’:h:.
ce C olume omicC ameter
(in,) Ratio Ratio Number of Rods (Meximum) Mess
: (fe)
693 2512 - 3083 - -
800 3448 - 2254 - -
1058 617 - 18.21 - 18.39 - -
12-00 99 - 18.78 - 18-90 4 -
1386 10724 - 23024 - 2344 6 -
16+00 14360 - 3462 8 -




EXPERIMENTAL RESULTS FOR U?23 FUELLED, HYDROGEN MODERATED LATTICES

References

Fuel Rodss

Lattice Type:

Iable 10.4
*145 wtd Enriched Metal Fuel
7. 8

0-600 in. dia x 48 in. clad in 0-028 in. thick aluminium
and fitted with 3 in. end plugs to which aluminium end-
pieces equal in diameter to the rod are attached. The
I.D. of the aluminium cladding is 0010 in. larger than
the 0.D. of the uranium rod.

Hexagonal

Moderator/Reflector: Water

These experiments were performed in a water tank with the fuel rods suspended
by the top end-piece from holes in a 2 in. thick aluminium support plate, and
the lower ends fitted into a thinner aluminium guide plate. Support and
guide plates were connected at the edges by aluminium rods, several pairs of
plates being available to give different lattice spacings. The core cross-
section was maintained as nearly circular as possible and an effectively
infinite water reflector is said to have been maintained on all sides of the

core.

CORE DELAYED CRITICAL PARAMETERS
Lattice 235 . Core?
; Water/U Volume | H/U Atomic | Number of
P%tch Ratio Ratio Rods Diameter Mass
cm) (cm)
2:616 2:-017 - 463 59.12 -
2:990 3-011 - 380 6120 -

3. Calculated on an equal area basis, the cross-sectional area of the

core being taken as the product of the unit cell area and the
number of unit cells



EXPERIMENTAL RESULTS FOR U222 FUELLED, HYDROGEN MODERATED LATTICES

Iable 10.5
1:295 wt % Enriched Meta) Fuel
References: 7, 8.
Fuel Rods 3 48 ins in lengthy clad in 0-028 ins thick aluminium snd fiited

with 3 118 end pluys to which aluminium end-pleces equal in dia-
meter to the rod are attached. T1ne I.D. of the sluminium cladd!ng
is 0-010 ins larger than the O.D. of the uranium rod.

Lattice Type: Hexagonal.
Moderator/Reflectors Water.

The experiments were performed in a water tank with the fuel rods suspended by the top
endpiece from holes in 2 2 in. thick aluminium support plate, and the lower ends fitted
into a thinner aluminium guide plate. Support and guide plates were csanected at the
edges by aluminium rods and several pairs of plates were available to give different
lattice spacings. The core cross-section was maintained as nearly circular as possible
and an effectively infinite water reflector is said to have been maintalned on all sides
of the core.

CORE » DELAYED CRITICAL PARAMETERS
Latti a
;itcge Water/U Volume H/U?33 Atomic Number of Dig;::er Mass
. Ratio Ratio Rods
(cm., (cm)
. i el R '
2.404 1515 - 478 55.22 -
2.616 2.017 - 335 50.28 -
2990 3.011 - 266 51.20 -
. in. dia Fuel Rods
1.725 2:024 - 904 - -
1961 3.018 - 631 51.72 -

a, Calculated on an equal-area basls, the cross-sectional area of the core

being taken as the product of the unit cell area and the number of unit
cells
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EXPERIMENTAL RESULTS FOR U232 FUELLED, HYDROGEN MODERATED LATTICES

Iable 10.6
1:311 wt £ Enriched UQ; Fuel
References 8
Fuel Rodss 48 ins in lengthy clad in 0:028 in. thick aluminium and fitted

with 3 in. end plugs to which aluminium end-pieces equal in
diameter to the rod are attached. The I.D. of the aluminium
cladding is 0-010 in. larger than the 0.D. of the uranium rod.

Lattice Types Hexagonal

Moderator/Reflectors Water

These experiments were performed in a water tank with the fuel rods suspended by the top
end-piece from holes in a 2 in. thick aluminium support plate, and the lower ends fitted
into a thinner aluminlum guide plate. Support and guide plates were connected at the edges
by sluminium rods and several pairs of plates were available to give different lattice
spacings. The core cross-section was maintained as nearly circular as possible and an
effectively infinite water reflector is said to have been maintained on all sides of the
core.

CORE DELAYED CRITICAL PARAMETERS

Lattice Core®

Ptz;? Nate:égtfglume H/U33;a::gm1c Num::;sof Dia?:;;’ Mass

. n.
2.205 3.048 - 1269 - -
2.359 4+000 - 1027 - -
2.512 5.000 - 987 - -
Q:388 in. dia Fu2l Rods

1.558 3953 - 3045 - -
1.652 4947 - 2784 - -
1.558 2.904 - 2173 - -
1652 3-622 - 1755 - -
1.806 4-878 - 1575 - -

a. Calculated on an equal-area basis, the cross-sectional area of the core
being taken as the product of the unit cell area and the number of unit

cells
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EXPERIMENTAL RESULTS FOR U?32 FUELLED, HYDROGEN MODERATED LATTICES

* ° E
References 9

Fuel Rods:t 40 in. in length; assembled by stacking hollow fuel
slugs in a Type 3S aluminium tube. The slugs were
1394 in. OD, 0464 in. ID x 8:00 in. and the aluminium
“tube 1500 in. 0D, 14402 in ID.

Lattice Types Hexagonal

Moderator/Reflectors Water

These experiments were performed with the fuel rods orientated vertically in a 4 ft dia
x 5 ft tank of water, the core being reflected on the sides and bottom only.

CORE ' : DELAYED CRITICAL PARAMETERS
Lattice Water/U H/u23? Number - Core
Pitch Volume Atomic of Diameter Mass
(in.) Ratio Ratio Rods
2-20 1.79 - 68-7. - -
2:40 2.37 - ) 6547 - -
EMS WI F_EACH. FUEL, ELEMENT FI 1TH W
2.20 1.91 - 630 - -
2:40 2.50 - 614 - -
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EXPERIMENTAL RESULTS FOR U232 FUELLED, HYOROGEN MODERATED LATTICES

References:

Fuel Rods:

Lattice Types

Iable 10.8

2:70 wt. % Enriched U0z Fyel

Moderator/Reflector:

10, 1

Assembled by stacking 0-3 in. OD fuel pellets in s
Type 304 stainless steel tube to a length of 4800 in.

(See Figure 101)

Square

Water

These experiments were performed with the fuel rods orientated vertically in a 6 ft dia
x 7 ft stainrless steel tank of water, the core cross-section being maintained as nearly

The fuel rods
were supported in four matrix plates, themselves supported by a ~ 59 1n. JD sluminium core

in. thick alvainium

circular as possible and the core being reflectvd on all sides by water.

barrel, the top plate being 1 in. thick aluminium, the bottom plate 1
and- the two plates spaced equally betweer } in. thick Lucite.

available for each lattlice pitch.

Separato sets of plates were

CORE DELAYED CRITICAL PARAMETERS
Lattice Water/U Hu233 Number Core® Core y3
Pitch Volume Atomic of Radius Helght . Mass
(in.) Ratio Ratio Rods (cm) (cm) (kgm)
0-405 2.2 - 3043 32.01 1219 413
0-435 2.9 - 1851 26.82 251
0470 39 - 1301 2427 17-6

a. Calculated on an equal srea basis, the cross-sectional area of the core being taker

as the product of the unit cell area and the number of unit cells
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EXPERINENTAL RESULTS F2R U’2? FUELLED, MYDROGEN MODERATED LATTICES

lable 10,2
2:04) wt § Eniched Metal Fyel
Assesbled by stacking 8 in. long urenium slugs In 0-0)1 1n. thick

wolled Lucite tubese (Zubsidiary esperiments shewed thet the
Lucite tubes do not affect the resvits.)

Fuel Reder

Lattice Types Mazegonel
Moderotez/Reflectors Vater
These exzperiments were performed with the fuel rods orlentated vertically in o {4 ft dle x 5 ft tenk

of water. The toze cress-section wos melntelnsd o9 nearly clirculer as possible ond en effectively
1nfinite weter reflector 1s sold to have been matinteinsd on oll sides of the core, the end reflectors

being cospleted by loeding Lucite plugs above and Delow the vranium in the fuel reds. The fuel rods
were supperted in on siusiniva fremework.
cont DELAYED CRITICAL PARAMETERS
Lettice Weter/U wy'?? Nusber Core® Care Urentua REFERENCES
Picch Volume Atnetc of Dloemeter Halght Mass
(1n.) Retio Retio Rods (cm) (1n.) (sv)
Q:925 in, dia FUEL RODS
1.5 1.9 - 724 33:96 16 53 12
- 60-0 N )3 66) 12
1.6 2.29 - 63-5 3402 16 468 12
5004 30-9 % ™ 12
17 2.72 - 8.6 347 16 I3 ]] 12
493 .84 2% 173 12
1.8 37 - 56-7 3616 16 418 2
469 32.89 % 518 12
1.95 3-89 - 60-4 £0-41 16 “us 12
486 36:26 % 37 12
Q:620 1n, dis FUEL RODS
1.00 2.06 - 152.4® 32,9 ® 16 n® )
1.10 2.7 - 118-6 31.94 16 367 19
1.20 341 - 1045 32.72 16 +73 1
130 418 - 98-9 3448 16 306 13
1.42 5.18 - 100-3 37-94 16 n 1
1-60 688 - 122.0 47-%4 16 378 - 1"
Q-300 in, dia FUEL RODS
0-600 3.4 - 3875 3.5 16 299 13
- -¢ 32 ¢ 460 © 15
0-700 5.00 - 296-5 32.16 16 229 "
' - - 2¢ 355 © 15
0-800 6.8 - 2723 35-20 16 210 13
- -¢ 32 ¢ »n2 15
0-900 8.92 - 285.7 40-58 16 221 13
-€ - 32 ¢ ns ¢ 15
2:125 in. dia FUEL RODS °
0-375 406 - 873-26 29:56 23.5 33741 16
0-450 6.9 - 628.3 30.08 23.5 22.8 16
0-500 8.00 - 569.7 3.8 23.5 219.9 16
0-550 9-89 - 5542 34454 23.5 2139 16
0+600 11.96 - J 572.5 18-30 2345 22140 16

Calculated on an equal ares basis, the cross-sectional area of the core belng taken as the product of the unit

cell ares and the number of unit cells

21 outer fuel rods encased 1n .66 in. 20 x V02 1n, thick aluminium tubes

About } in. aliminium Intezposed between the core and the bottom water refiector
Lucite tubes D725 1n, thlck
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EXPERIMENTAL RESULTS FOR U??3 FUELLED, HYDROGEN MODERATED SYSTEMS

Hoderstor/Reflectors

These experiments were performed with the fuel rods orlentated vertically in a water tank,
maintaining the cross-section of the core as nearly circular as possible.

Reference:s

Fuel Rodss

Lattice Types

U0:/ThOs Mixture Fuel (93-2 wt, § Enriched Uranium)

17

Iable 10,10

Assesbled by stacking fuel slugs tn a 0-309 in. OD Type 25 aluminium tube.
Two types of rod were used:

Square

Water

AL

15.00

0:014 in.

60 1in.

356:8 gm

2,

2534

04034 in.

60 1in.

4346 qm

The fuel rods

were supported in two 'egg-crate’' grids, the lower of which rested on 8 4 in. thick aluminium
plate on the bottom of the tank and the upper of which was supported at about the 5 ft level
by an sluminium structure.

CORE DELAYED CRITICAL PARAMETERS
Water, YT : b '
it | moition | MU | e | gl e g
(in.) Ratio Ratlo (cm) (cm)
IV = 25.34 FUEL
0-48'0 3-635 329 176 47-28 140-5 13.92
0-5694 5. 528 1118 54-6 181+5 13:46
e = 15.00 FUEL
043850 1379 78-0 1108 36474 127-21 2596
0.4027 1.642 131 ] 24024 13344 20-79
0-4810 2.945 165 514 3126 135-0 9.73

a. 38% of uranium present as U304

b. Measured from the lower end of the fuel rods 1:9 cm below the fuelled section
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EXPERIMENTAL RESULTS FOR U FUELLED LATTICES WITH MIXED DEUTERIUM/HYDROGEN MODERATION
Iadle 10,11
0 _Fugl
Reference: 18
Fuel Rodss Assembled by stacking fuel slugs in o stainless steel or aluminium tubz. Two types of rod

were ':seds

1. 2.
URANTIM
ENRIGHMENT (we $) 2:459 4.020
0.0, 0:4748 in. 044755 i=n:
CLADDING ASTM Type 6061 sluminium Type 304 stainless steel
LENGTH OF
EVELLED SECTION 60-37 in. 567 in.
JOTAL LENGTH 61:59 1n. ~71:5 in.
WEIGHI OF FUEL 1306 om. 1600 ga.
EUEL _PELLET DIA. 0-4054 {n. 0444 in.
URANIIM CONTENT OF FUEL 83-13 wt % 83-01 wt %

The end caps of the 4{-020% enriched rods were inverted stainless steel thimbles fllled with
asluminium or stainless steel. The end caps of the 2-459% enriched rods were } in. thick
sluainium and hed 8 1 in. long desd-space at the top.

Lattice

Types Square

Moderstor/

Reflectors Mixed light snd heavy water

These experiments were performed with the fuel rods orlentated vertically in & 5 ft dia x 6-5 ft tenk of water
mounted inside s second 9 ft dias tank. The core cross-section was waintsined as nearly circular as possible.
The fuel rods were supported in top, midplane and bottom matrix plates and rested on & 2 in. thick sluminium
b>>se plate on the bottom of the tank. The upper and lower matrix plates were of the 'egq-cratc' type fabricated
from 1 in. wide sluminium strip. The midolane plate was of f“ in. thick drilled aluminium and subsidiary
experiments showed that it had only negligible resctivity worth.

CORE DELAYED CRITICAL PARAMETERS
Moderator
Lettice| Jotal Non-moderator | Mol £ D20 in Radlial Number of Core* Height (Above
Pitch Total Moderztor 4 Reflector Rods Radius Lower End of Mass
-(1n.) Volume Ratio Reflector |Thickness (ca) (cm) Fuelled Scction
of Rods) (cm)
2. - cnrl R
0+595 1-001 0-G 55+38 - 596 20-82 14141 -
70-0 30-73 2852 4547 13449 -
49-8 47-41 1140 28-79 1345 -
0-670 0-651 85.5 747 5124 68-73 1342 -
70-0 47-85 872 28-35 1347 -
. w nrich d
0-595 1.006 0.0 feff. tar.(¢) 8™ | 1875 159.0(®) -
765 12-22 (9) 5284 61-98 152.9 -
N7 3574 2252 40-46 151.0 -
497 49-89 952 26-31 150-6 .
0571 1195 0.2 56-02 ‘ 608 20-18 146-1 -
701 16-52 5320 59-68 14641 -
49-7 45-69 13%0 30-51 146-1 -

3. Calculated on an equal ares bdasls, the cross-sectional ares of the core being taken ss the product of the
unit cell ares and the rumber of unit cells

b. Upper and lower matrix plates roplaced by } in. thick drilled stainless steel plates. Midpiane matrix
plate of } in. thick drilled Lucite

c. Experiment performed in 9 ft dia tank

d. In this experiment an 2dditional 5 in. thickness of paraffin was placed round the outside of the radisl
surface of the 5 ft dia tank. )
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EXPERIMENTAL RESULTS FOR PLUTONIUM FUELLED, HYDROGEN MODERATED LATTICES

References

Fuel Rods:

Lattice Type:

Table 10,12

1-824 wt ¢ Plutonium/Aluminium® Alloy Fuel

Moderator/Reflectors

19

0-500 in, dia x 44 in,3 containing an average of 7:12 gm
plutonium per rod and clad in 0-030 in, thick zircalley 2,
0+566 in, OD, "ne end of each rod contained helium in a

0-400 in, long region batween the fuel and the end cap, The
weights of the end caps and the section of tubing beyond the
fuel averaged 124 5m at one end and 21-6 gm at the other end,
Pu2%9 content of plutonium varied but was principally 5-05 or
600 wt 4 with an average value of 5-58 wt ¢, The distribution
of rods with differing Pu?4° contents was random throughout the
lattice, Al/Pu atomic ratio - ; Zr/Pu atomic ratio -

Hexagonal

Water

These experiments were performed with the fuel rods orientated vertically in a 4 ft dia x

5 ft tank of water,

The core cross-section was hexagonal and an effectively infinite
thickness of water is said to have been maintained on all sides of the core,

The rods

were supported in matrix plates fabricated in Lucite except for the top plate which was
of } in. thick aluminium and was positioned 2 ins, above the end of the fuelled sections
Each rod was enclosed in a 0-032 in, thick Lucite tube, 0-65C in, OD, the

of the rods,

space between the rod and the tute being filled with water to minimise voids,

Subsidiary

experiments showed that the Lucite tubes do not affect the results,

CORE DELAYED CRITICAL PARAMETERS
Lattice H,0/Rod H/Pu Number of Core Plutonium
(in.) Volume Ratio Atomic Ratio ‘Rods Diameter (kgm)
0-75 0-9361 630 563-4 - 401
0-80 1.203 810 510-3 - 3.63
0+85 1.487 1001 4939 - 3.52
090 1.788 1204 515.8 - 3.67
095 2106 1418 5777 - 417

a, Average compositioas 97-21 wt 4 Al, 161 wt ¢ Ni, 0-69 wt ¢ Si, 0-49 wt & Fe




EXPERIMENTAL RESULTS FOR PLUTONIUM FUELLED, HYDROGEN MODERATED LATTICES

Table 10.13
2.006 wtZ Plutonium/Aluminiuma Alloy Fuel

Reference: 20

Fuel Rods: 0-500 in. dia x 36 in. containing an average of 6-383 ¢m
plutonium per rod and clad in 0-03 in. thick Zircaloy 2,
0-566 in. 0.D. Total Zircaloy per rod 207-8 gm, of which
6-0 gm and 6+5 gm respectively constituted lower and upper
end caps.
Average isotopic composition of plutopium 81.01% Pu?3?,

16-46% Pu%0, 2-31% Pu?*', 0.20% Pu?*2,

Al/Pu atomic ratio - Zr/Pu atomic ratio -.

Lattice Type: Hexagonal
Moderator/Reflector: Water

These experiments were performed with the fuel rods orientated vertically in a
4, ft dia x 5 ft tank of water. The core cross-section was hexagonal and an
effectively infinite thickness of water is said to have been maintained cn all
sides of the cores. The rods were supported in matrix piates fsbricated in
Lucite except for the top plate which was of }~in. thick aluminium and was -
positioned 1 in. below the ends of the fuelled sections of the rods. Each rod
was enclosed in a 0-032 in. thick Lucite tube, 0:.650 in. O.D. the space between:
the rod and the tube being filled with water to minimise voids. Subsidiary
experiments showed that the Lucite tubes do not affect the results.

CORE DELAYED CRITICAL PARAMETERS

LaFtice H20/Rod PVP9 Number Core Plutonium
Pitch Volume Atomic of . Mass
(in.) Ratio Ratio Rods Diameter (kgm)
0-66° | 0-4993 | 308-4 | 138-3 - 8828
0-75 0-9360 578-1 848-4 - 5:415
0-80 1-202 1427 7956 - 5-078
0-85 1487 918-2 78546 - 5014
0-90 1.788 1104 869-8 - 5552
0-95 2-106 1301 1099-2 - 7-016

a. Average composition; 97.57 wt® Al, 1.63 wt% Ni, O-4 wt® Fe,
03 wt® Si, 0-1 wt% Cu

b. These rods were not enclosed in Lucite tubes
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EXPERIMENTAL RESULTS FOR PLUTONIUM FUELLED, HYDROGEN MODERATED LATTICES

bl .1
wt. & Plutoni minium Al ue
Reference. 21, 22
Fuel Rodss 0506 in. dia x 24 in; containing an average of 11-01 gm

plutonium per rod and clad in 0-03 in. thick Zircalloy 2
with 0:020 and 0125 in. thick end caps.

Pu?*% content of plutonium 50 wt. %.

Ai/Pu atomic ratio = 168-20, Zr/Pu atomic ratio = 31.92.

Lattice Type: Hexagonal

Moderator/Reflectors Water

These experiments were performed with the fuel rods orientated vertically in a 4 ft dia x
5 ft tank of water. The core cross-section was hexagonal and an effectively infinite

thickness of water is said to have been maintained on all sides of the core. The rods
were supported in Lucite matrix plates.
CORE DELAYED CRITICAL PARAMETERS
Lattice H20/Rod H/Pu Number Core Plutonium
Pitch Volume Atomic of Diameter Mass
(in.) Ratio Ratio Rods - (kgm)
0-85 186 3547 2302 - 254
0-90 2-23 426-8 192-0 - 2-11
1-00 306 58246 170-1 - 1.87
1-10 3-96 7551 1665 - 1.88
120 495 9440 1811 - 1-99
1-30 6-03 1149-3 2155 - 237
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FUEL ROD DIMENSIONS

EUEL CLADDING
URANIUM CONTENT 88:7% TYPE 304 STAINLESS STEEL
UO2 CONTENT 99-2% TUBING ¢
ENRICHMENT 27700%0-017 wt% INSIOE DIAMETER 030621 0-0009"
FORM SINTERED UO, PELLETS WALL THICKNESS 0-01612 0-0003"
PELLETS/ROD 80 LENGTH 49-420t0-007"
DIAMETER 0:3000 00002 in’ WEIGHT 104:S% 1-4gm '
LENGTH /PELLET 0-5989% 0:0034 in END PLUGS 304 STAINLESS STEEL
LENGTH /ROD 48-00t 0'1din
DENSITY /PELLET 10-2201gmfem?
WEIGHT / PELLEY 7-07£0-13gm.
WEIGHT / ROD 566024 Ggm.
o 4-¢07" 4§:0040-)5" FUELLED SECTION, 243 GROUP)
0.0-3062" 5751° GROUP2
L o
4062 WALL O-0I61" os90° ©4-4120-09gm
I | ’ 0599
< N
s memeananeRnanBwBne: ] PER W
o187 = -
P o0 0345

49-42" FUEL TUBE LENGTH

FIGURE 10-1 (SEE TABLE 10-8)




